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HE art of Mecuanics being the firft that men had occafion 
— to make ufe of, it 1s reafonable to fuppofe that it took its be- 

” ginning with man, and was fiudied in the earlieft ages of the world, 
For no fooner did mankind begin to people the earth, than they 
wanted boufes to dwell in, cloaths to wear, and utenjils to till the 
ground, to get them bread, with other necefjaries of life, and being 
thus deftitute of proper habitations, and other conveniences of living , 
their wants mujt immediately put them upon the fiudy of mecha- 
nics. At their firfe fetting out, they would be content with very | 
little theory ; endeavouring to get that more by experience than rea~ 
foning, and being unacquainted with numbers, or any fort of cal- 
culation 3 and having neither rule nor compafs to work by, nor in- 
ftruments to-work with, but fuch as they muft invent firft of all, 
nor any methods of working: with all thefe difadvantages, we 
may judge what fort of work they were likely to make. All their 
contrivances muft be mere guefing, and they could but ill execute 
what they had fo badly contrived , and muft be continually mending 
their work by repeated trials, till they got it to fuch a form as to 
make a foift to ferve for the ufe defigned. And this.is the firft and 
 loweft fiate of mechanics, which was enough to give a beginning 
to its and in this fiate it doubtlefs vemained for a long time, 
without much improvement. But at length as men found more 
jeifure and opportunity, and gained more experience, manual arts 
Bevan to take their rife, and by degrees to make fome progrefs im 
the world. j . 

But we meet with no confiderable inventions in the mechanical 
way, for along feries of ages, or if there had been any, the ac- 
counts of them are now loft, through the length of time, for we 

have nothing upon record for 2 or 3 thoufand years forward. But 
afterwards we find an account of feveral machines that were tn 
ufe. for we read in Genefis that foips were as old, even on the 
mediterranean, as the days of Jacob. We likewife read that the 
Philiftines drought 30 thoufand chariots into the field againft 
Saul ; fo that chariots werein we 1070 years before Chrift. And 


about the fame time architecture was brought inio Europe. And 
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1030 years before Chrift, Ammon built long and tall fhips with 
‘fails, on the red fea and the mediterranean. And about go years 
after, the foip Argo was built, which was the firft Greek veffel 
that ventured to pafs through the fea, by help of fails, without 
Sight of land, being guided only by the fiars. Dedalus alfo, who 
lived 980 years before Chrift, made fails for fips, and invented 
several forts oftools, for carpenters and joiners to-werk with. He 
alfo made feveral moving ftaiues, which could walk or run of 
themjelves.. And about 800 years» before Chrift,, we jind in 
2 Chron. xv. that Uzziah. made in Jerufalem, engines invented 
by cunning men, to be on the towers andupon the bulwarks, to fooot 
arrows and great ftones withal.. Corn mills were early invented, 
for we read in Deuteronomy, that it, was not lawful for any 
man. to take the nether or the upper mill fione to pledge yet\ water 
was not apply’d. to mills before the year of Chrift 600, nor wind 
mills ufed before. the year 1200. Likewife 580 years before 
Chrift, we read in Jeremiah xviii. of the potter’s wheel. Ar- 
chitas was the firft that applied mathematics to mechanics, but 
left. no mechanical writings behind him: he made a wooden pigeon 
that could fly about. Archimedes who lived about. 200 years 
before Chrift, was a moft fubtle geometer and mechanic. He made 
engines that drew up the foips of Marcellus at the fiege of Syra- 
cule; and others that would caft a fione of a prodigious weight 


to a great difiance, or elfe feveral leffer ftones, as alfo darts and 


arrows, but there have been many fabulous reports concerning 
thefe engines. He alfo made a {phere which foowed the motions of 
the fun, moon, and planets. And Pofidonius afterwards made 
another which foowed the fame thing. In thefe days the liberal 
arts flourifoed, and learning met with proper encouragement, but 
afterwards they became negletied for a long time. Ariftotle who - 
lived about 290 years before Chrift was one of the firft that writ 
any methodical difcourfe of mechanics. But at this time the art 
was contained in a very little compafs, there being fcarce any thing 
more known about it, than the 6 mechanical powers. In this fate 
at continued till the 16th century, and then clock work was in- 
vented, and about 1650 were the firft clocks made. At this time 
Several of the moft eminent mathematicians began to confider me- 
chanics. And by their ftudy and induftry have prodigioufly enlarged 
its bounds ; and made it a moft comprehenfive Jctence. It extends 
through heaven and earth ; the whole univerfe, and every part of 
it 18 tts fubject. Not one particle of matter but what comes under 
ais laws. For what elfe is there inthe vifible world, but matter 
and motion , and the properties and affeétions of both thefe, are the 
Subject of mechanics. ; ff 


To 
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Jo the art of mechanics is owing all forts of infiruments to 
work with, all engines of war, fhips, bridges, mills, curious roofs 
and arches, ftately theatres, columns, pendent galleries, and all 
other grand works in building. Alfo clocks, watches, jacks, cha- 
riots, carts and carriages, and even the wheel barrow. Archi- 
tefture, navigation, hufbandry, and military affairs, owe their in- 
vention and ufe to this art. And whatever bath artificial motion 
by air, water, wind, or cords; as all manner of mufical infiru- 
ments, water-works, Fc. This is a feience of fuch importance, 
that without it we could hardly eat our bread, or he dry in our 
beds. | | 
By mechanics we come to underftand the motions of the parts of 
an animal body, the ufe of the nerves, mufcles, bones, joints, and 
veffels. All which have been made fo plain, as proves an animal 
body to be nothing but a mechanical engine: But this part of me- 
chanics, called anatomy, is a fubject of itfelf. Upon mechanics are 
alfo founded the motions of all the celeftial bodies, their periods, 
times, and revolutions. Waithout mechanics, a general cannot go to 
war, nor befeige a town, or fortify a place. And the meaneft ar- 
tificer muft work mechanically, or not work at all. So that all 


perfons whatever are indebted to this art, from the king down to 


: the « cobler. | 


* 


~ Upon mechanics is alfo founded the Newtonian, or only true phili- 
fophy in the world. For all the difficulty of philefophy confifts in 
this ; from fome of the principal phenomena of motions to invefti- 
gate the forces of nature. And then from thefe forces to demon- 


‘firate the other phenomena; all which is to be done upon mecha- 


nical principles. Thus from the diftances and revolutions of the 
heavenly bodies, the forces of gravity are derived ; and from thefe 
forces thus" known, are deduced the motions of the planets, comets, 
the moon, and the fea; as well as the motions of bodies upon the 
furface of the earth. Thefe relate to the vifible bodies of the uni- 
verfe. But there are alfo certain forces belonging to the fmall 
particles of matter, which we are frill ignorant of 5 by which they 


are either impelled towards one another, and cobere in regular fi- 
- gures; or are repelled and fo recede from each other. For the par- 


ticles of different forts of bodies have different laws ; Jince the 


_fmall particles of fome bodies attraét one another, whilft thofe of 


other forts repel each other, and that by forces almoft infinitely 
warious, Upon thefe forces the cobefion, folidity, and fiuidity of 
bodies depend. The nature of elafticity, electricity, and magnetifm. 
Upon thefe alfo depend the principles of fermentation, putrefaction, 
generation, vegetation, and diffolution of bodies, digestion and fe- 


cretion in animal bodies , the motion of the blood and fluids in ant-— 
1 | a : mals, — 
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mals, and the moving of the members by the command of the will 3 


the exciting fenfations in the mind, the emiffion, reflection, refrac- 


tion, and inflection of light, freezing by cold, burning. by fires 
all operations in chemifiry, Sc. If thefe forces could be found out, 
it would open to usa new field in the fcience of mechanics. But 
for want of proper experiments, thefe forces among the invifible 
and imperceptible particles of matter, are. utterly unknown, and 
exceeding difficult to be difcqvered, and therefore make no part of 


_ the enfuing Treatife. Nor foall I meddle with afironomy, as being 


a fubjed of itfelf: nor with experimental philofophy, any further 


than concerns mechanics. 


And although architeéiure has a great dependence upon mecha- Bie 


nics; yet there are a great many precarious rules in this art, in- 
vented purely for ornament, and for the fake of beauty ; which have 
nothing to do with mechanics. And therefore mechanical beauty 
(that is, firength in due proportion) is all that I have any bujfine/s 
to meddle with bere. : / 

It bas. been ignorantly objetied by fome, that the Newtonian 
philofophy, like all others before it, will grow old and out of date, 
and be fucceeded by fome new fyfiem, which will then be as much 
cry’d up as this is now. But this objetiion is very fondly made. 
For never a philofopher before Newton ever took the method that 
be did. For whilfi their fyfiems are nothing but hypothefes, con- 
ceits, fittions, conjeclurés, and romances, invented at pleafure, and 
without any foundation in the nature of things. He on the contrary, 


and by himfelf alone, fet out upon a quite different footing. For 


he admits nothing but what he gains from experiments, and accurate 
obfervations. And from this foundation, whatever is further ad- 
vanced, 1s deduced by firick mathematical reafoning. And where 
this thread does not carry him he flops, and proceeds no further; 
not pretending to be wife above what is written in nature. Being 
rather content with a little true knowledge, than, by affuming to 
know every thing, run the hazard of error. Contrary to all this, 
thefe fcheming philofophers, being men of firong imaginations and 
weak judgments, will run cn ad infinitum, and build one fiétion 
upon another, till their. Babel thus eretied, proves to be nothing 
but a heap of endle/s confufion and contradittion. And then it is 
no wondtr, if the whole airy fabrick tumbles down and finks into - 
ruin. nd yet it feems, fuch romantic fyftems of philofophy, will 
pleafe fome people as well as the fivickeft truth, or moft regular 
fyfiem. As if philofophy, like religion, was to depend on the 
fafoion of the country, or on the fancies and caprice of weak people, 
But furely this is nothing but rambling in the dark, and faying that 
the nature of things depends upou no fteady principles at all. But 


se 


he Die PoRee Fics © E, 
an truth, the bufinefs of true philofophy is to derive the nature of 
things from caufes truly exiftent ; and. to enquire after thofelaws on 
which the Creator choofed to found the world, not thofe by which 
be might have done the fame, bad he fo pleafed, It is reafonable to 

fuppofe that from feveral caufes, fomething differing from each other, 
the fame effect may arife. But the true caufe will always be that 
from which it truly and aéfually does arife, the others have no place 
in true philofophy. And this can be known no way, but by obferva- 
tions and experiments. Hence it evidently follows, that the Newto- 
nian philofophy, being thus built upon this folid foundation, mujt 
ftand firm and unfhaken , and being once proved to be true, it muft 
eternally remain true, until the utter fubverfion of all the laws of 
nature. It is therefore a mere joke to talk of anew philofophy. The 
foundation is now firmly laid: the Newtonian philofophy may indeed 
be improved, and further advanced ; but it can never be overthrown : 
notwithftanding the efforts of all the Bernoulli’s, the Leibnitz’s, 
_ the Green’s, tbe Berkley’s, the Hutchinfon’s, &c. And even the 
French themfelves have at laft adopted it, and given up the Carte- 
fian /cheme. ; 

Pra&tical mechanics might be very much improved, if the fecrets 
of all trades were to he open; and the feveral machines ufed in 
each trade, duly explained. And experimental philofophy would be 
thereby much improved, as well as the trades themfelves. And one 
trade might borrow many great belps in working, from another 
trade. It is not my defign to treat at all on the loweft part of 
mechanics, which concerns manual arts or working by hand. for 
there is no theory required bere, but only a habit of working, to 
be acquired by frequent practice. | 

I have, in the following book, confined myfelf entirely to the ma- 
thematical part, and what depends on it, and 1s deduced from it. — 
And therefore I have firft of all laid down and demonftrated the gene-_ 
ral laws of motion, as a foundation for all the ret. Then follows 

the laws of gravity, the defcent of bodies, and motion of projectiles 
in free {pace ; the mechanical powers , the defcent of bodies upon in- 
clined planes, the vibration of pendulums, centers of gravity, and 
others , the preffure, firength, and fire/s, of beams of timber 5 then you 
have the principles of bydroftatics, hydraulics, and pneumatics 5 the 
refiftance of fuids; the powers of engines, and the defcription of 
machines. In each of thefe, I have delivered all the funda- 
mental principles both in theory and praftice. And to make it more 
univerfally ufeful, I have demonftrated every thing geometrically ; or 
at moft, by the help only of the loweft and eafieft rules of algebra, 
for the fake of brevity ; avoiding all operations by fluxions: fo that 
the reader need not be {cared with the thoughts of any difficulty of that 
Meads a 2 Con- 
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Concerning the machines, I have given an account of their firuc- 
ture, as far as is necefjary to explain their motions and effecis ; omit- 
ting the defcription of their minuter parts, not fo necefjary for this end, 
and which are eafily underftood of themfelves. I bope the reader 
will pardon my inferting among the refi, fome machines that may 
feem trifling, put in bere and there to fill up vacant places in the 
fchemes. Yet even.in thefe, there is fomething curious in their 
ftructure or motion, that may be worth obferving. I might have 


‘given the cuts of many more machines, but perhaps what I have 


‘already done, may be thought too much, in fuch a nation as this, 
where natural knowledge wants due encouragement, and where no 
Meecenas appears to patronize and proteéi it; and where arts 
and feiences hang, as it were, in fufpence, whether they foall fiand 


or has ; and where public fpirit and Englith generofity are juft ex- 


piring. This decline of aris and fciences, 1s wholly, or in a great 
meafure owing to the ambition, and moft extreme avarice of the pre- . 
fent age. Where men, not being able to lift their eyes above this 
earth, think nothing worth their care, but rakiug together the drofs 
it affords ; firiving, like the toad, who fball die with the moft earth 
in his paws. The duller part of mankind are entirely engaged in the 
pur|uit of filthy lucre; and the brighter fort are wholly devoted to 
low, trifling, and often barbarous diverfions. In fuch momentous 
concerns as thefe, it is no wonder if arts and feiences flag, and 
natural knowledge meet with nothing but contempt, and Minerva 
give place to Pluto. And indeed, if the general temper and difpofi- 
tion of men bad been the fame in all ages, as it is inthis; [amin 
doubt whether we bad ever had any fuch thing as a mill to grind us corn 
for bread, or a pump to draw us water. It is a trifling excufe for 
men of exalted fiation, to urge, that they are unacquainted with fuch 
arts or fciences. Far learning bas always been efleemed to be under 
the peculiar care and fuperintendency of ibe great ; who ought to pro- 
tect and encourage both that, and the profeffors of it; or elfe arts 
and ferences can never flourifo. And as the encouragement of thefe 
evidently tends to the benefit of mankind, and the promoting of the 
public good; nothing can excufe fo grofs a neglet, or fuch a manic 
Seft difregard, as they foew, for the bappine/s of their fellow creatures. 
The induftrious fiudents only, have the fatigue; whilft all the world 
reaps the advantage of their labours; iP 


Scire volunt omnes, merceedem folvere nemo. Juvey. 


It is reported of Alexander that be allowed 800 talents a year 
to Ariftotle, to defray the expences, of procuring all forts of living 
creatures; fo that by his own particular experience, he might be 

x enabled 
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enabled to write of the nature and properties of them. And the 
reafon why the world bath now fo few Ariftotles, is becaufe there 
are no Alexanders. | 

But as tothe fate of this book, it is indifferent to me what re- 


"ception it foall meet with in the world. Not that Iam in the leaf - 
diffident of the principles bere delivered for I know they will ftand 


the fiviéteft examination. Nor would I be thought carele/s con- 


cerning the advantage, which my few readers may receive from it: 


for on the contrary, I have done all I could to inftrudt them, and 
lead them regularly through this noble and ufeful fcience.. But ina 


mercenary age, where there is fo little encouragement for works. 


of this nature, Iam under no concern what judgment may be paffed 
upon it, by the ignorant multitude. Yet I fincerely ‘wilh, that my 


more ingenious readers may find what they expect bere, and amin © 
hopes, that they will meet witb no difficulties, but what they will © 


eafily furmount. To effet which, I have made every thing in twis 
book, as full and clear, as my own abilities, and the nature of the 
thing would permit me. , | 

‘ W. EMERSON. 


P. S. The kind reception, the jirft edition of this book, bas met 
with from the publick; bas induced me to .revife and correct it, 


and to make fuch further additions thereto, as I thought neceffary 


for compleating fo ufeful a fcience. Accordingly I have made feveral 
“alterations and additions in this fecond edition which are difperfed 
here and there throughout the book. But particularly, 

In Cor. 4. Prop. UXVIL. and in Cor. 2. Prop. LXXVII. 
Thave foewn the firength of bodies twifted round their axes. In 
Cor. 5. and 6. Prop. LXXIII. I have inveftigated the firength 
of {quare and circular plates. In the. clofe of the VXIlh fection, 1 
have given the firength of feveral forts of wood, and other bodies, 
deduced from abundance of experiments, which I made with them: 
awhich cannot fail being of great fervice to fuch as are concerned 
in building, or making ufe of timber. I have alfo made fome ad- 
ditions and alterations in the table of fpecific gravities, collected 
from new experiments. Some further direétions, relating to the 
 conftruétion of machines, are alfo added at the end of Sec. XII. 

In the laft fettion, I have been more large and explicit in de- 
feribing feveral of the machines, and calculating their powers. And 
14 more examples of machines are added at the end. All thefe ad- 
ditions take up 11 copper plates. But what will particularly re- 
commend itfelf to the public in thefe additions, 15, the conftruction 
of a thip, to fail the fattett poffible ; and the conftruction of de 
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arch of a bridge, to be the ftrongett poffible : which things deferve 


the notice and attention of all juch, as are employ’d in building 
foips or bridges. i 

I cannot find that I have omitted any thing material, in this 
Treatife, pertinent to my fubject. And as my profeffed defign was, 
to write a book of principles; no body of common fenfe, would ex- 
pect that I fhould go contrary to that defign, and fiuff my book 
with calculations of dificult problems, fit only for books of Algebra 
and Fluxions ; and not at all proper for an elementary Treatife. 
If I had done this, I had not only deferted my fubject, and all good 
method ; but alfo impofed upon my readers, by fwelling the book, 
and making them pay dear for fuperfluities ; and that to pleafe a 
few trifling critics, who know no better. This fort of animals lives 
by detrattion, and are always {narling at what they don’t under- 
fiand, and cannot mend. | : . 

If any fuch fet of critics, affuming the privilege of being dic- 
tators to the public, and cenfors of other men’s writings, foould 


fart up, and cry down my book, becaufe not written after their 


crude notions. I would not have my readers be at all furprized at 
this: for it would be more furprizing, if any thing of value foould 
efcape, without being degraded and condemned by them. And for 
my own part, the only concern it will give me, will be to de/pife 
their dull criticifms, and laught at their ignorance. 


Men’ moveat cimex Pantilius? aut crucier, quod 
Vellicet abfentem Demetrius ? aut quéd ineptus 
Fannius Hermogenis loedat Conviva Tigelli ? 

Plotius, & Varius, Mzcenas, Virgiliufque, -. 

Valgius, probet hzec et eee ‘Hor. 
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MECHANICS, 
a DEFINITIONS. 


"ECHANICS is 4 fcience, which teaches the pro- 
| ‘ft portion of the forces, motions, velocities, and in 
<= V “i general the actions of bodies upon one another. 

2. Body is the mafs or quantity of matter. “If a body yields to 
a ftroke and recovers its former figure again, it is called an ¢/a/- 
tic body : Tf not, it is inelaftic. 

3. Denjfity of a body is the proportion, of the ‘quantity of 
matter, contained in it, to the quantity of matter in another body 

_ . of the fame bignefs. Thus the denfity is faid to be double or 
. triple, when the quantity of matter contained in the fame fpace 

_+ 4s double or triple. ‘i | : : 

_ 4. Force is a power exerted on a body to move it. If it a& 

but for a moment it is called the force of percuffion or inipul/e. 


If it act conftantly, it is called an accelerative force: If conftantly 


and equally, it is called a umiform accelerative force. 

5: Velocity is an affection of motion, by which a body pafies — 

over a certain fpace in a given time. The velocity is faid to be 
greater or leffer, according as the body paffés over a greater or 


* leffer fpace in the fame time. « 


__ 6. Motion is a continual and fucceffive change of place. If a- 
body moves through equal fpaces in equal times, it is called 
equable motion. If it s velocity continually increafes, it is called 

accelerated motion , if it decreafes,. it is retarded motion. Tf it in- 
‘creafes or decreafes uniformly, it is equably accelerated or re- 

- tarded. Lakewife if its motion be confidered in regard to fome 
other body at reft, it is called ab/olute motion. But if its motion 
be confidered. with refpect to other bodies alfo in motion, then it 
is relative motion. ey es | ar 
“7. Direttion of motion isthe way the body tends, or the right 
line it moves in, anh | | Rare 


B | 8. Quan- 
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iN DEFINITIONS. 

8. Quantity of motion, is the motion a body has, both in re- 
gard to its velocity, and quantity of matter. | Thisis called the 
momentum of a body, by fome mechanical writers. 

g. Vis inertia, is that innate force of matter by which it refifts | 
any change, and endeavours to preferve its prefent ftate of mo-_ 
tion or reft. 3 cae 

10. Gravity is that force wherewith a body endeavours to de- 
f{cend towards the center of the earth. This is called ab/olute 
gravity, when the body tends downwards in free fpace: and re-. — 
lative gravity is the force it endeavours to defcend with in a 
fluid. ' a ith 
11. Specific gravity of bodies, is the greater or lefler weight of 
bodies of the fame magnitude; or the proportion between thefe 
weights. The fpecific gravity is faid to be double or triple, 
when the weight of the fame bulk of matter is double or triple. 

12. Center of gravity of a body is a certain point in it, upon 
which the body being freely fufpended, it would reft in any 
pofition. AT. 

13. Center of motion of a body, is a fixed point about which 
the body is moved. And the axis of motion, is the fixt axis it 
moves about. . rh | 

14. Weight and power when oppofed to one another, fignify 
the body to be moved, and the body that moves it. That body 
which communicates the motion is called the power; and that 
which receives it, the weight. | Aa 

15. Equilibrium is when two or more forces acting again{t one 
another, none of them overcome the others, but deftroy one 
another’s effects, and remain at reft. 

16. A fluid is a body whofe parts yield to any imprefled force ; 
and by yielding are eafily moved among themfelves. nt 
; 17. Hydroftatics is a {cience that treats of the properties of 
fluids. Ms 3 ; 7 
18. Hydraulics is the art of raifing or conveying water by the 
help of engines. | i 


19. Pneumatics is a {cience that treats of the properties of 
the air. | | ae 
20. Machine is any mechanical inftrument contrived to move 
bodies, or to perform fome particular motions. The mechanical 
‘powers are fimple machines. | 
21. Engine is a mechanic inftrument compofed of levers, — 
wheels, pullies, fcrews, %c. in order to move, lift, or fuftain 
- fome great weight, or perform fome great effect. This is the 
Jargeft and moft compounded fort of machines. | 


22. Me- 


| DEE INA 1 ONS. 


© 92, Mechanic powers, are the ballance, the leaver, the wheel, 
the pulley, the ferew, and the wedge. To which fome add the 
inclin’d plane. ye Pi RENE 8 nee 

23. Strefs is the effect of a force acting againft a beam, or 
any thing to break it, or the violence it fuffers by that force. 
The contrary to this is /tvength,’ which is the refiftance any beam, 
is able to make againft a force endeavouring to break it. 
24. Fridfion is the refiftance arifing from the parts of machines, 
or of any bodies rubbing againft. one another. | 


te tok 0-8: FU bid Tid... 


1.7 HAT afmall part.of the furface of the earth, or the 
-- horizon, may be looked upon as a plane. Though this 
is not ftrictly true,. yet it differs infenfibly in fo {mall a {pace as 
we have any occafion to confider it... vet 
2. Heavy bodies defcend in lines parallel to one another, and 
_ perpendicular to the horizon: And they always tend perpeni- 
cular to the horizon by their weight. For this is true as to 
fenfe, becaufe the lines of their direction meet-only at the cen- 
ter of the earth. . 7 naar 
3. The weight of any body is the‘fame in all places at or near 
the furface of the earth. _ For the difference is.infenfible at any. 
heights to which we.can afcend. Though in ftri€tnefs the force 
_of gravity decreafes in afcending, in the reciprocal ratio of the 
{quares of the heights from the earth’s center. eine 3 
4. We are to fuppofe all planes perfectly even and regular, 
all bodies perfectly {mooth and homogeneous ; and moving with- 
out fri€tion or refiftance ; lines perfectly ftreight, and inflexible, 
without weight or thicknefs ; cords extremely pliable; &@e. For 
tho” bodies are defective in all thefe ; and the parts or matter, 
_ whereof engines are made, fubject to many imperfections ; yet 
we muft fet afide all thefe irregularities, till the theory is efta- 
- blifhed; and afterwards make fuch allowance as is proper. 


BE Sel ioitonil) aid gor eee Mp 
a nS RY body perfeveres in its prefent ftate, whether of 


reft, or moving uniformly in a right line ; till it is com- 

' pelled to change that ftate, by fome external force. 
9. The alteration of motion, or the motion generated, or de- 
{troyed in any body, is proportional to the force applied : And 
is made in the direction of that right line in. which the force 


atts. 
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3. The aétion and re-action between two bodies are equal, 
and in contrary directions. sb Nas okie, aan 
4. The motion of the whole body is made up of the fum of 
the motions of all the parts. ‘eat Ik 

5. The weights of all bodies in the fame place, are proportional 
to the quantities of matter they contain; without any regard 
to their bulk, figure, or kind. For twice the matter will be 
twice as heavy, and thrice the matter thrice as heavy; and 
fo on. | To). Lee tee " 

6. The vis inertize of all bodies, is proportional to the quan- 
tity of matter. 7 

7. Every body will defcend to the loweft place it can 
get to. 7 . 
8. Whatever fuftains a heavy bady, bears all the weight 
of it. ibe 2 | 
- g. Fwo equal forces acting again{t one another in contrary. di- 
rections ; deftroy one another’s effects. = fe a 

10. If a body is a¢ted on with two. forces’ in.contrary direc-_ 
tions ; it is the fame thing as if it were only acted on with the 
difference of thefe forces, in direction of the greater. 

11. If a body is kept in equilibrio ; the contrary, forces, in any 
one line of direction, are equal, and deftroy.one another, =” 

12. Whatever quantity of motion any force generates in a 


given time; the fame quantity of motion will an equal force. 
deftroy in the fame time; acting in, a contrary. direction. | 

13. Any active force will fooner or more eafily overcome a 
lefler refiftance than a greater, . 

14. Ifa weight be drawn or pufhed by any power ; it puthes 
or draws all points of the line of direction equally. And it 
is the fame thing, whatever point of that line the force is ape. 
plied to. re | | is 

15. If twe bodies be moving the fame way in any right 
line ; their relative motion will be the fame, as if one body 
itood ftill, and the other approached, or receded from it with 
the difference of their motions: or with the fum of their mo- 
tions, if they move contrary ways. 

16. If a body is drawn or urged by a rope, the direction of 
that force is the fame. as the. direction of that part of the rope 


next adjoining to the body. 
, 17. If any force is applied to move or fuftain a body, by 
means of a rope ; all the intermediate parts of the rope are equally 


diftended, and that in contrary directions. 
18. If a running rope go freely over feveral , pullies; all the 


19. If 


parts of it are equally ftretched. 


| AXIOMS. 

19. If any forces be applied againft one end of a free leaver 
or beam; the other ‘end will thruft or act with a force, in 
direction of itslength. 9 | 
20. The parts of a fluid will yield, and recede towards that 
part where it is leaft preffed. ) 

21. ‘The upper part of a fluid is fuftained by the lower 
part. : stg | 
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The general laws of MOTION. 


PROP ae 


The quantities of matter in all bodies are in the complicate ratio of 
their magnitudes and denfities. | 


OR by def. 3. if the magnitudes be equal, the matter will 
be as the denfities!. And if the denfities be equal, the mat- 
ter will be as the magnitudes. . Therefore the matter is univer- 
fally in the compound ratio of both.’ — | 


Cor. 1. The quantities of matter in fimilar bodies, are as the den- 
Sities and cubes of the diameters. For the magnitude is as the cube 
of the diameter. | 


Cor. 2. The quantities of matier are asthe magnitudes and [pecific 
gravities. For the fpecific gravities are as the denfities, by Ax. 5. 


POR OP. hae 


The quantities of motion, in all moving bodies whatever, are in the 
complicate ratio of the quantities of matter and the velocities. 


For if the velocities are equal, it is manifeft (by ax. 4.) that 
the quantities of motion will be as the quantities of matter. 
AAnd if the quantities of matter are equal, the motions will be 
as the velocities. Therefore univerfally, the quantities of mo- 
tion are in the compound ratio of the velocities and quantities 
of matter. ar | 


Cor. In any fort of motion, the quantity of motion is as the fum of 
all the produtis of every particle of matter multiplied by its refpettive 
velocity. 

For 


\ 


‘say, GENE RIAL LAWS, &e. 
For the quantity of motion of any particle is as that particle 

multiplied by its velocity : Therefore by compofition, the fums 

of all are in the fame ratio. aie . Pee 


oP ROO PY oT 


In all uniform motions, the {pace defcribed is in the complicate ratio 
| of the time and velocity. | | 


For it is evident, if the velocity be given, the {pace defcribed 
by any body, will be as the time of its moving. And if the 
time be given, the fpace defcribed will be greater or lefs, ac- 
cording as the velocity is greater or lefs; that is, the fpace will 
~ be as the velocity. ‘Therefore if neither be given, the {pace 
will be in the compound ratio of both the time and velocity. 


Cor. The time is as the {pace direéily and velocity reciprocally, 


PROP. -IV. 


- £he motion generated by any momentary force, is as the force that 
, generates tt. 


For if a certain quantity of force generates any motion, 2 
double quantity of force, will generate double the motion ; and 
a triple force, triple the motion, and fo on. , 


Cor. The fpace deferibed is as the force and time direétil)’, and 
quantity of matter reciprocally. 7 Seideh 

For by this prop. the force is as the motion, that is (by Prop. 
II.) as the matter and velocity ; therefore the velocity is as the 
force directly and matter reciporcally. Alfo (by Prop. III.) the 
fpace is as the time and velocity, and therefore as the time and 
force diretly, and matter reciprocally. rh 


sSCHOLIUM. 


Yet b = dody or quantity of matter to be moved. 
f = force of impulfe atting on the body b. | 
‘jn = momentum or quantity of motion generated in d. 
~ = velocity generated in b. | uke 
s = fpace defcribed by the body b. 
t = time of defcribing the [pace s with the velocity v. ‘cH 
en 
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Then by the three laft Props. we thall have m oe bu; Soc tu, and — 


fxm. By the help of thefe three general proportions; the rela- 
tion of the fpaces, times, velocities, c, may be found, upon 


all fuppofitions. And thence all the laws and proportions be-— 
longing to uniform motion, may be readily and univerfally re- 


folved: Expunging fuch as afte not concerned.in the queftion ; 
and.rejecting all thofe that are given or conftant ; and alfo thofe 


that are in both terms of the proportion. Thus we hall get in 


general, 
bs 
f° 
bs, 
4 * 
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PRO Ce. ¥: 
In any motion, generated by a uniformly accelerating force: the mo- 


tion generated in any time, is in the complicate ratio of the force 
and time. | s 


For in any given time, the motion generated will be propor- 
tional:to the force that generates it, this being its natural and 
genuine effect. And fince in all the feveral parts of time, the 
force is the fame, and has the fame efficacy ;. thereforé the mo 
tion generated will alfo be as the time: wherice univerfally, the 
motion generated is in the compound ratio of both the force and 
the time of acting. 


Cor. 1. This prop. is equally true in refpeE to the motion loft or 


dairoed in a moving body, by a force ating ia a contrary direction. 
y ax. 12. ie 


Cor. 


“ae Bre x ia 
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Cor. 2. Lf the fpace thro’ which a body “A moved by any force, be 


- divided into an infinite number of equal parts, and if, in each part, 
the accelerative force atis differently upon the body, according to any 


certain law. And if there be taken the produd# of the accelerating \ 


force in each part multiplied by the time of paffing through it. Then 
L fay, | : 


As any uniform accelerative force x by the time of ating (FT) : 


To the motion generated in that time (M):: 
So the fum of all the produéts of each particular force and time: 
+ Lo the motion generated in this whole time, by the variable force., 


'_ For (by this prop.) the time of defcribing any part x by the 


force : motion generated in that time :: F xT: M. therefore by 
compofition, the fum of all the products, to the whole motion 
generated ; is alfoas PT, to M. AN 


Cor. 3. The velocity generated (or deftroyed) in any time, is as 
the force and time direttly, and the quantity of matter reciprocally. 
_ For by prop. II. the quantity of motion is as the matter and 
velocity ; therefore the velocity is as the motion direétly and 
the matter reciprocally, that is, (by this prop.) as the force and 
time directly, and the matter reciprocally. | 


_ Cor. 4. The increafe or decreafe of any velocity, generated or de- 
Stroyed in any time, 1s as the force and time direcily, and the matter 
reciprocally., Sit 

This follows from Cor. 3. becaufe all effects are proportional 
to their caufes. t | 


(liad A @ ae Saag 


In any motion generated by a uniform accelerative force, the [pace 
defcribed from the beginning of the motion, is in the complicate 
ratio of the-laft velocity, and the time wherein it is generated. 


For fuppofe the time divided into .an infinite. number of Si 


equal parts, each of which call 1, and let the times from the 
beginning be 1, 2, 3, 4....tof. And*let ¢ be the velocity 
generated at the end of the time 1; then by Cor.:, of the laft 
Prop. the velocity generated in the fame body, by the fame 
force, in the times 1, 2, 3, 4....7, will be refpeétively c, 2¢, 
+36 4¢...toztc. And by Prop. Ill. the {paces defcribed in each 
given part of time, will be - the time (1), and the velocity C 
| an 


ae 


7 
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and therefore thefe fpaces will bec, 2¢, 3c... ¢%¢; and the fum 
of all thefe is the whole fpace defcribed by the body. But the 
fum of the arithmetic progreffion, 0, ¢, 2¢, 3¢, 4¢... %¢ to ¢ terms 


LESLIE: xt, oF if xt. but é¢ is che laft velocity, and ¢ the whole 
2 2 . 


time, therefore the whole {pace is as (¢¢ x #) the velocity iid 
time conjunctly. | | we 


Cor. 1. If a body moves uniformly forward with the velocity acquir- 
ed by a uniform accelerative force; it will defcribe twice the [pace in 
the fame or an equal time, that it defcribed by the accelerative force. 

For here the fpaces defcribed in the feveral fmall parts of 
time, will be tc, ¢c, ¢¢.. 8c. to ¢ terms . whofe fum is ¢c Xf. 
And the fum of the former fpaces, defcribed by the accelerating 


: . ms : 
force, wes x t. but te X #18 tox Xf, as 2 to I. 
a? 


Cor. 2. Since any aétive force is an endeavour of putting a body 
into motion ; therefore the adequate and immediate effect of an acce- 
lerating force is either motion or prefure or both. / 


SCHOL. 


Let 2 = body or quantity of matter. 


F = accelerative force atting uniformly and equally on the 
body b. 


v = velocity generated in b by the force F. 
m = motion generated in b. 
s = fpace defcribed by b. | 
t = time of defcribing the fpace s. } 

Then the two laft propofitions together with Prop. II. will 
refolve all queftions relating to the times, forces, velocities, 
$c. in uniformly accelerated motions. -Thus m bU, Mo 
Ft, and s o iv. whence we have in general, 


bo =, &e. 
mt ve Ft &e. 

$ Ft Ps a 
voto Ho ee, Bc. 
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Whence, if m, 2, 8c. be given; fuch quantities mutt be left 
out. iy | 
i | 
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If any force aéting on a body at A in airettion AB, caufe the body to 
~ pafs through the {pace AB in any time, and another fimilar force 
atting in direétion AC, would move it through the fpace AC in the 
fame time: I fay by both forces alting together, in their proper di- 
"yeftions, the body will, in the fame time; be moved thorugh toe 
fpace AD, the diagonal of the parallelogram ABDC. | 


Case BOT. 


- Let the forces at 4 caufe the body to move uniformly along 
the lines 4B, AC. Then fince the force acting in direction AC 
parallel to BD, by ax. 2, will not alter the velocity towards the 
line BD ; the body therefore will arrive at BD in the fame time, 
‘whether the force in dire€tion AC be impreffed or not: There- 
fore at the end of the time it will be found fomewhere in 
“BD. By the fame argument, it will be found fomewhere in the 
ine CD; therefore it will be found in D the point of interfec- 
tion; and by ax. 1, it will move in a right line from 4 to D. 


— Otherwife. 


Suppofe the line AC to move parallel to itfelf into the place 
BD, whilft 4 moves from 4 to C. Then fince this line and the 
body are both equally moved towards BD, it is plain the body 
mutt be always in the moveable line AC. Therefore when 4C 
comes to the pofition dg, let the body be arrived at d; then 
fince, both the line AC moves uniformly along 4B, and the bo- 
dy 4 along AC; therefore it will be as 4: bd:: 4B: BD, 


therefore AdD is a right line. 
Cas gE I. 


Let the body be carried through AB, AC by an accelerative 
force. Then by Prop. VI. the fpace defcribed will be as the: 


- time and velocity, and therefore the velocity will be as the fpace 
| €2 _ _ direétly 


Fic. 
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direétly and time reciprocally. Alfo by.Cor. 3. Prop. V. when 
the force and the body is given, the velocity is as the time. 
Whence the time will be as the {pace directly and time recipro- 
cally, and the fpace as the fquare of the:time. That is the 


' fame body aéted on by the fame force. will defcribe {paces 


which are as the {quares of the times. Now let the time of de- 
{cribing 4B or AC be 1; and let the line 4C move along with 
the body, always parallel to itfelf, and in the time ¢, let it arrive - 
at bg, and the body at d, moving towards g. ‘Then, from 
what has been faid, itis as 1: ¢¢:: 4B: Ab, and alfoas 1: st 
:: dg or BD : bd. whence AB: Ab:: BD: bd. therefore dD is 
a right line. ie ti : 


_And if you fuppofe the fpace to be as the wth power of the 


time, it will fill be, 1: 72":: JB: 4b:> BD: bd; and AdD is 


ftill a right line for any fimilar forces. 


CASE HII. 


But if the body A be carried through 4D by a uniform force, 
in the fame time it would be carried through 4M by an accele- 
rative force; then by both forces acting together, it will at 
the end of that time be found in the point H, of the parallelo- 
eram MADH ; but then the line it defcribes 4GH, will not be 
a right line. | | 3 ante 

Cor. 1. The forces, in the direttions AB, AC, AD, are refpec- 
tively proportional to the lines, AB, AC, AD ; and in thefe direc- 
tions. ; 

For by Cor. Prop. IV. the time and the quantity of matter 
being given; the force is directly as the fpace defcribed. And 
a motion, the fame is true, by Pr. V. Cor. 3. and 

r. VI. AG 


Cor. 2. The two oblique forces AB, AC is equivalent to the fingle 
direét force AD, which may be compounded of thefe two, by draw- 
ing the diagonal of the parallelogram AD. re a a 


Cor. 3. Any fingle dire&t force AD, may be refolved into the two 
oblique forces whofe quantities and direétions are AB; AC, having 


- the fame effect , by defcribing any parallelogram whofe diagonal is AD. 


Cor. 4. A body being agitated by two forces at once, will pafs 
through the fame point, as it would do if the two forces were to at 
Separately and fuccefively. And if any new motion be impreffed on 

pistes | a body 
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@ body already in motion, it doesnot alter its motion ’in lines parallel pyc. 
to its former direction. hist | 


¢ Cor. 5. If tao forces as AB, AC alt in the direstions AB TAG, . 3: 
refpettively , draw AR to the middle of the right line BC, and 2 AR. 
is the force compounded out of thefe, and AR its direction. | 


PROP. VIIL 


Let there be three forces A, B,C of the fame kind, atting againft 3: 
one another, at the point D, and whofe directions are all in one 
plane ; and if they keep one another in equilibrio, thefe forces will 

be to each other refpettively, as the three fides of a triangle drawn 
_ parallel to their lines of diretiion, DI, Cl, CD. : 


_ Let DC. reprefent the force C, and produce 4D, BD, and 
compleat the parallelogram DICH : And by the laft Prop. the 
force DC is equivalent: to. the two forces DH, DJ; put there- 
fore, the forces DH, DI inftead-of DC, and all the forces will 
ftill be in equilibrio. Therefore by ax. 11. D/ is equal to its 
“oppofite force 4, and DH or,C/ equal to its oppofite force B. 
Therefore the three forces 4, B, C are refpectively ss DI, C/,CD. 


Cor. 1. Hence the forces A, B, C are refpetiively as the three fides 
of a triangle, drawn perpendicular to their lines of direciton, or im 
any given angle to them, on the fame fide. For fuch a triangle will , 
be fimilar to the former triangle. 


Cor. 2. The three forces ABC will be to each other as the fines of 
the angles through which their refpeclive lines of direction do pafs, 
when produced. mee : a | | 

For DI: Cl::8.DCI or CDB : §.DGI or CDA. | 

And C1: CD::8.CDI or CDA: 8.CHD or HDI or ADB. 


Cor. 3. If there be never fo many forces alting againft any point in 
one plane, and keep one another in equilibrio; they may be all reduced . 
to the attion of three, or even of two equal and oppofite ones. 

For if HD, ID:be two forces, they are equivalent to the fin- 
gle force DC. and in like manner 4 and B may be reduced toa 
iingle force. | A 


Cor. 4. And if ever fo many forces in different planes, acting a- 
Lainft one point, keep one another in equilibrio they may be . se 
- presse uce 
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1c. duced to the abtions of feveral forces in one plane, and confequently ta 


3+ 


bd, 


two equal and oppofite ones. peas. ny 

FE fe if the ee forces 4, B, H, J, att againft the point D; 
and H, J, be out of the plane ABD. Let DC be the common 
feétion of the planes ADB, HDI; then the forces H, J, ate re- 


_ duced to the force C, in the plane 4DB. 


S'C H.O1L, 


This Prop. holds true of all forces whatever; whether of im- 
pulfe or percuffion, thrufting, pulling, preffing; or whether — 
inftantaneous or continual; provided they be all of the fame 
kind. 7 | 

Hence if three forces aét in one plane, their Bho at are 
had ; and ifone force be given, the reftmay be found. And if 
four forces act, and two be given, the other two may be found ; 
but if only one be given, the reft cannot be found ; for in the 
three forces 4, B, C, the force C may be divided into o- 


ther two, an infinite number of ways, by drawing any paralle- 


logram DICH about the diagonal DC. And in general if there 


-be any number of forces acting at D, and all be given but two, 


thefe two may be found: otherwife not, tho’ the pofitions of 
them all be given. 3 | 


PROP. IX. 


If one body aéis againft another body by any kind of force whatever ; 
it exerts that force in the dircttion of a line perpendicular to the 
furface whereon it agis. : 


Let the body Bbe aéted on by the force 4B in the direction AR. 
Let the body C and the obftacle O, hinder the body B from 
moving; divide the force 4B into the two forces 4D, AE; or 
£B, DB, by Cor. 3. Prop. VII. the one perpendicular, the o- 
ther parallel to the furface DB. then the furface DB receives the 
perpendicular force EB, and the obftacle O the parallel force DR’; 


_ take away the obftacle O, and the force DB will move the body 


B in a direction parallel to the furface, with no other effe@ than 
what arifes from the fri€tion of B againft that furface, occafioned 
by the preffure of B againft it by the force EB; which, if the 


_ furface be perfectly {mooth and void of tenacity, will be no- 


thing. The force DB therefore having no effeét, the remain- 
ing force ZB will be the only one, whereby the body B a@s a-- 
| . : gainit 


out LOW fot MGTIONG. 
to it. 


Cor. 1. If a given body B firike another body C obliquely, at any 
angle ABD, the magnitude of the ftroke will be directly as the velo- 
city and the fine of the angle of incidence ABD , and the body C re- 
ceives that firoke in the direttion EB perpendicular to the furface 


For if the angle ABD be given ; ‘the ftroke ‘will be greater in 
proportion to the velocity ; and if the velocity 7B be given, the 
ftroke will be as AD, or 8S. << ABD. Or the magnitude of the 
-_ ftroke is as the velocity wherewith the body approaches the plane. 


Cor. 2. If a perfebtly elaftic body A impinges on a bard or elaftic 


body CB at B, it will be refletted from it, fo that the angle of re- . 


feétion will be equal to the angle of incidence. 
‘For the motion at.B parallel to the furface is not at all changed 
by the ftroke. And:becaufe the bodies are elaitic they recover 
their figure, in the fame time they lofe it by the ftroke ; there- 


fore the velocity in direction BE is the fame after as before the | 


ftroke. Let AE, BE reprefent the velocities before the ftroke, 
and ED (= AE) and BE the refpective velocities after the 
-ftroke ; then in the two fimilar and equal triangles ZEB, BED, 
=< ABE is equal to EBD. 

- But fince no bodies in nature are perfectly elaftic, they are 


fomething longer of regaining their, figure; and therefore the 


angle DBF will be fomething more acute than the < ABG. 


Cor. 3. If one given body impinges upon another given body ; the 


magnitude of the firoke will be as the relative velocity between the 
bodies. a 2 ; 

For the magnitude of the {troke is as the line BZ, or the ve- 
locity wherewith the bodies approach each other ; that is, as 
the relative velocity. 


gg Star © And in any bodies whatever, if a body in motion firike a- 
__gainft another, the magnitude of the ftroke will be as the motion loft by 
the friking body. ; 


For the motion impreffed on the body that receives the — 


ftroke is equal to the magnitude of the ftroke. And the fame 
The by Ax. 3. is equal to the motion loft in the ftriking 
¥ ye : 


Cor. 


gainft the furface DB, and that in direction ZB perpendicular Fic. 


4. 
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Cor. 5. A non-elaftic body firiking another non-elaftic body, only 
lofes half as much motion as if the bodies were perfettly elaftic. 

For the non-elaftic bodies only ftop ; but elaftic bodies recede 
with the fame velocity they meet with. 9.0 05.) 4 


Cor. 6. Hence alfo it follows, that if one body aéis upon another, 
by ftriking, preffing, €Sc. the other re-atis upon this in the direétion 
of a line perpendicular to the furface whereon they.aéf. By Ax. 3. 


SCHOL 


Though the momemtum or quantity of motion! in a moving 
body, is a quite diftinct thing from, the force that generates it ; 
yet when it {trikes another body and puts it into motion, it may 
with refpect to that other body, be confidered as a certain quan- 
tity of force proportional to the motion it generates in the other 
body. | rae 

Alfo, although the motion generated by the impulfe of ano- 
ther body is confidered as generated in an inftant, upon account 
of the very fmall time it is performed in; yet in mathematical 
ftrictnefs it is abfolutely impoffible that any motion can be ge- 
nerated in an inftant, by impulfe or any fort of finite force 
whatever. For when we confider that the parts of the body 


which yield to the ftroke, are forced into a new pofition ; there 


will be required fome time for the. yielding parts to be moved 
through a certain fpace into this new pofition.. Now. during this 
time, the two bodies are acting upon each other with a certain’ 
accelerative force, which in that time generates that motion, 
which is the effect of their mutual impulfe.. So that it is plain 
that this is an effect produced in time; and the leffer the time, 
the greater the force; and if the time be infinitely fmall, the 
force ought to be infinitely great, which is impoffible. But by 
reafon that this effect is produced in fo {mall a time as to be 
utterly imperceptible, fo that it cannot be brought to any cal- 
culation ; upon this account the time is entirely fet afide, and 
the whole effect imputed to the force only, which is therefore 
fuppofed to act but for a moment. 3 Wea: 

The quantity of motion in bodies has been proved to be as 


the velocity and quantity of matter. But the momemtum or 
“quantity of motion may be the fame in different bodies, and 


yet may have very different effects upon other bodies, on which 
they impinge. For if a {mall body with a great velocity im- 
pinge upon another body; andif, by reafon of. its great velo- 
city, it a¢t more ftrongly upon the {mall .part of the body upon 

which 


cumeeT. or MOTION. 


which it impinges, than the force of cohefion of the parts of gt 


that body ; then the part aéted on, will, by this vigorous ac- 
‘tion, be feparated from the reft ; whilft by reafon of the very 
{mall time of acting, little or no motion is communicated to 
_ the reft of the body. But if a great body with a {mall velocity 
{trike another body; and if by reafon of its flow motion it 
does not act fo vigoroufly as to exceed the force of cohefion ; 
the part ftruck will communicate the motion to the reft of the 
body, and the whole body will be moved together. Thus if a 
bullet be fhot out of a gun, the momentum of the ‘bullet and 
piece are equal, but the bullet will thoot through a board, and 
the gun will only jump a little againft him that difcharges it. 
Therefore {mall bodies with great velocity, are more proper to 
tear in pieces : and great bodies with fmall velocity, to thake 
or move the whole. | sei 


BR ON" Ben! i. 


The fum of the motions of any two bodies in any one line of dire&tion, — 


towards the fame part ; cannot be changed by any aétion of the 
bodies upon each other ; whatever forces thefe attions are caufed 
by, or the bodies exert among themfelves. 


Here I efteem progreffive motions, or motions towards the 
fame part, affirmative ; and regreflive ones, negative. 
ae : 


CASE I. 


_ Let two bodies move the fame way, and ftrike one another 
directly. Now fince aétion and rea¢tion (by ax. 3.) are equal 
and comtrary, and this action and reaction is the very force 
_ by which the new motions are generated in the bodies ; there- 
tore (by ax. 2.) there will be produced equal changes towards 
contrary parts. And therefore whatever quantity of motion is 
gained by the preceding body will be loft by the following 
one; and confequently their fum is the fame as before. 
And if the bodies don’t ftrike each other but. are fuppofed to 


_ ac any other way as by preffure, attraction, repulfion, é¥c. yet — 


itill fince aétion and re-aétion are equal and contrary ; there 
will be induced an equal change in the motion of the bodies, 


and in contrary dire€tions ; fo that the fum of the motions will 


full remain the fame. 


D : CASE 
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Case Il. | 


Suppofe the bodies to ftrike each other obliquely ; then fince 


‘(by the laft prop.) they aét upon each other in a direction per- 


pendicular to the furface in which they ftrike ; the action and 


-. A 


re-a€tion, in that dire€tion being equal and contrary ; the fum 
of the motions, the fame way, in that line of direction, muft 


remain the fame as before. And fince the bodies do not act. 


upon each other in a direction parallel to the ftriking furface ; 
therefore there is induced no change of motion in that direction. 
And therefore univerfally the fum of the motions will remain 
the fame confidered in any one line of direction whatever. And 
if the bodies aét upon one another by any other forces whatever ; 
{till (by ax. 2. and 3.) the changes of motions will be equal 
and contrary, and their fum the fame as before. 


Cor. 1. The fum of the motions of any fyftem or number of bodies, 
in any one line of direction, taken the fame way, remains always 


the fame, whatever forces thefe bodies exert upon each other: 


efteeming contrary motions to be negative. And therefore, 


Cor. 2. The fum of the motions of all the bodies in the world, 
eftimated in one and the fame line of direttion, and always the fame 
way; is eternally and invariably the fame: efteeming thefe motions 
affirmative which are progreffive, or diretied the fame way; and 
the regrefive motions negative. And therefore in this fenfe motion 
can neither be increafed nor diminifoed. But, 


Cor: 3. If you reckon: the motions in all direttions to be affirma- 
tive, then the quantity of motion may be increafed or decreafed an 
infinite number of ways. As fuppofe two equal non-elaftic Hodies to 
meet one another with equal velacities ; they will both fiop aud lofe 
all thetr motions. . - | | 

For let MZ be the motion of each, then before meeting the 
fum of their motions is M+M; and after their meeting, it 
is o. But in the fenfe of this Prop. 14—/ is the fum of the 


motions before they meet, becaufe they move contrary ways, — 
which iso; andit is the fame after they meet. And thusia 


man may put feveral bodies into motion with his hands, which 


had no motion before; and that in as many feveral directions 
as he will. $84 | | 


PROP. 


sca. or MOTION 


PROP. XL 


The motions of bodies included in a given fpace, are the fame among 
themfeives; whether that fpace is at reft, or moves. uniformly 
forward in a right line. 


For if a body be moving in any right line; and there be 


any force equally impreffed, both upon the body and the right 
line in any direction. And in confequence of this, they both 
move uniformly withthe fame velocity ; now as there is no force 
to carry the body out of that line, it muft fill continue in it as 
before; and as there is no force to alter the motion of the body 
in the right line; it will (by ax. 1.) ftill continue to move in 


jt as before. For the fame reafon, the motions of any number 


of bodies moving in feveral directions, will {till continue the 
fame; and their motions among themfelves will be the fame, 
whether that {pace be at reft, or move uniformly forward. 
Likewife, fince the relative velocities of bodies, (that is, the 
' difference of the real velocities the fame way; or their fum, 
different ways) remain the fame, whether that fpace be at reft, 
or it and the bodies move uniformly forward all together. 
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Therefore their mutual impulfes, collifions, and actions upon ~ 


one another, being (by Cor. 3. Pr. IX.) as the relative veloci- 
ties; muft (by ax. 3.) remain the fame in both cafes. 


SyiO-HoO DB. 


Before I end this feftion, it may not be amifs to’mention ‘a 


cettain kind of force, called by'the foreigners, vis viva. ‘This 
they term a@ faculty of aéfing, and diftinguith it from the vss 
mortua, which with them fignifies only a folicitation to motion, 
fuch as preflure, gravity, &c. concerning this vis viva they talk 
fo obfcurely, that it is hard to know what they mean by it. 
But they meafure its quantity by the number of {prings which 
a moving body can bend to the fame degree of tenfion, or break; 
-_ whether it be a longer or a fhorter time in bending them. So 
that the vis viva is the total effect of a body in motion, acting 
till its motion be all fpent. And according to this, they find, 
that the force (or vis viva) to overcome any number of fprings ; 
Bi always be as the body multiply’d by the fquare of the ve- 
ocity. | 1 


Dix, | Suppoie 


2a 
FIG. 
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Suppofe any number of equal and fimilar fprings placed at 

equal diftances in a right line; and a body be moved in the 
fame right line againft thefe fprings; then the number of 
fprings which that body will break before it ftop, will be as 
the {quare of its velocity : whatever be the law Of the refiftance 
of any fpring in the feveral parts of its tenfion. For from the 
foregoing Prop. it appears, that the fwifter the body moves, fo 
much the lefs time has any {pring to act againft it to deftroy its 
motion : and therefore the motion deftroy’d by one fpring will 
be as the time of its acting; and by feveral fprings, as the 
whole time of their acting ; and confequently the refiftance is 
uniform. And fince the refiftance is uniform, the velocity loft 
will be as the time, that is as the fpace direétly and velocity 
reciprocally ; whence the fpace, and therefore the number of 
fprings, is as the fquare of the velocity. And upon this ac- 
count they meafure the force of a body in motion, by the {quare 
of the velocity. So at laft the vis viva feems to be the total 
{pace pafied over, by a body meeting with a given refiftance ; 


which fpace is always as the {quare of the velocity. And this 


comes to the fame thing as the force and time together, in the 
common mechanics. | | 
Now it feems to be a neceflary property of the vis viva, that 


the refiftance is uniform. But there aré infinite cafes where 


this does not happen; and in fuch cafes, this law of the wis 
viva mutt fail. And fince it fails in fo many cafes, and is fo 
obfcure it itfelf ; it ought to be weeded out, and not to pafs for 
a principle in mechanics. | 

Likewife if bodies in motion impinge on one another, the 
confervation of the vis viva can only take place when the bodies — 
are perfedtly elaftic. But as there are no bodies to be found 
in nature which are fo; this law will never hold good in the 
motion of bodies after impulfe; but in this refpect, it muft - 
eternally fail. | ) 

This notion of the vis viva was firft introduced by M. Leib- 
nitz, who believed that every particle of matter was endued 
with a hving foul. as he 
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The laws of gravity, the defcent of heavy Bodies, 


and the motion of projectiles, in free fpace. 


‘PR O P. *XIL 


The fame quantity of force is requifite to keep a body in any uniform 
motion, direlly upwards, as is required to keep it fufpended, or 
at refi. | ! | 
And if a body defcends uniformly, the fame force that is fufficient 
.to hinder its acceleration in defcending, is equal to the weight 


of it. . 
For the force of gravity will act equally on the body in 


. any ftate whether of motion or reft. Therefore if a body is. 


projected directly upwards or downwards with any degree of 


velocity ; it would for ever retain its velocity if it were not for 


- the force of gravity that draws it down, by ax 1. If therefore 
a force equal to its gravity were apply’d directly upwards; then 
(by ax g.) thefe two forces deftroy each others effects ; and it 


is the fame thing as if the body was acted on by no force at all. 


And therefore (by ax 1.) it would retain its uniform motion. 


Cor. But if a body be moved upwards with an accelerated motion; 
jhe force to caufe that motion will be greater than ‘its weight 5 and 


| ghat in proportion to its acceleration (by ax. 10.) 


PROP. XI. 


The velocities of falling bodies are as the times of their falling 
he) ™ from reft. 3 | 


* For by poftulate 3. The body is uniformly aéted on by gra- 
vity, which is its accelerating force downwards; therefore by 
Cor. 3. Prop. V. the velocity is as the force and time directly, 
and the matter reciprocally, But by ax 5. the force of gravity 
» + : 1S 


FIG. 
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rr. is as the quantity of matter ; and confequently, the velocity will 
be as the time. . he : 


Cor. 1. All bodies falling by their own weight, gain equal velo- 
cities in equal times. | | 


Cor. 2. Whatever velocity a falling body gains in any time ; ‘if 
it be thrown diretily upwards, it will lofe as much in an equal 
time: by ax. 12. And therefore, 


Cor. 3. If a@ body be projeéted upwards with the velocity it ac- 
quired by falling in any time , it will in the fame time lofe all its 
‘motion. Hence alfo, | . 


Cor. 4. Bodies thrown upwards lofe equal velocities in equal times. 
PROP. XIV. 


The {paces defcribed by falling bodies are as the fquares of the times 
nate a QELBRELT JOLT, [TOUR TE se tk 
For by Poftul. 3. gravity is a uniformly. accelerating force ; 
therefore by Prop. VI. the fpace defcribed is as the time and 
velocity. But by the laft Prop. the time is as the velocity ; 
and therefore the {pace defcribed is as the fquare of the time. 


Cor. 1. The Spaces defcribed by falling. bodies are alfo as the 
_ Squares of the velocities ; or the velocity is as the Jquare root of the - 


| bight fallen. | : 

Cor. 2. Taking any equal parts of time, then the [paces defcribed 
by a falling body, in each facceffive part of time, will be as the odd 
numbers, Ay 35,5, Jo Gy II, Se. ; . 

For in the times 1, 2, 3, 4, €9c. the {paces defcribed will 
be as their fquares 1, 4, 9, 16, €c. And therefore in the dif- 
ferences of the times, or in thefe equal parts of time; the fpaces 
defcribed will be as the differences of the fquares, or as 1, 3, 

Uy 2a PO ote | “ 4 
Car. 3. A body moving with the velocity acquired by falling 
through any fpace, will defcribe twice that fpace in the time of its 
fall. By Cor. 1. Prop. 6. Ae ‘ 


Cor. 


geal. LAWS or GRAVITY. 


Cor. 4. If .a body be projecied upwards with the velocity it ac- 
quired in falling 5 it will, in the fame time, afcend to the faime 
hight it fell from; and defcribe equal fpaces in equal times, both 
in rifing ana falling, but in an inverfe order and will have the 
fame velocity at every point of the line defcribed. 

- For by Cor. 2. of the laft Prop. equal velocities will be gained 
or loft in equal times, (reckoning from the laft moment of the 
- defcent). “Therefore, fince at the feveral correfpondent points 
of time, the velocities will be equal, the fpaces defcribed in any 

given time will be equal, and the wholes equal. 


Cor. 5. If bodies be projefed upwards with any velocities; the 
bights of their afcent will be as the fquares of the velocities, or as 
the {quares of the times of their afcending. 

_For in defcending bodies the fpaces defcended are the fquares 
of the laft velocities, by Cor. 1. And by Cor. 4, the fpaces af- 
cended will be equal to thofe defcended. | 


. Cor. 6. Tf a body is projetted upwards with any velocity ; with 


the fame velocity undiminifhed, it would defcribe twice the [pace of 


its whole afcent, in the fame time. By Cor. 3 and 4. 


Cor. 7. Hence alfo all bodies at the furface of the earth defcend 
equal {paces in equal times. — | 


SO POs: 


It is known by experiments that a heavy body falls (6% feet in | 


a fecond of time, and acquires a velocity which will carry it over 
32% feet in a fecond; which being known, the fpaces defcribed 
in any other times, and the velocities acquired, will be known 
by the foregoing propofitions ; and the contrary. Thefe propo- 
fitions are exaétly true, where there is no refiftance to hinder the 
motion: but becaufe bodies are a little refifted by the air, de- 
fcending bodies will be a little longer in falling ; and a body 
projected upwards, will be fomething longer in defcending than 
_ in afcending, and falls with a lefs velocity ; and confequently a 
body projected upwards with the velocity it falls with, will not 
afcend quite to the fame hight; but thefe errors are fo f{mall, 

that in moft cafes they may fafely be neglected. 
Tf the force by which a body is accelerated in falling was di- 
reétly as the height fallen from ; it may be computed (by Cor. 
2. Prop. V.) that the velocity acquired will alfo be as the hight ; 
or 


a. | 


| ‘ 
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Fic. or the {pace deferibed directly as the velocity. And therefore if 


_ bodies were projected upwards, they would in this cafe afcend 


to hights, which are as the velocities with which they are pro- 


jected. This being compared with Cor. 5. of the laft Prop. it 


is eafy to conclude that bodies projected upwards, and acted up- 
on by a force which is neither of a given quantity, nor in pro; 
portion to the diftance of the body from the top of the af- 
cent, but between them; that thefe bodies will then afcend to 
hights which are between the fimple and duplicate ratio of the 
velocities. Bins ; 

And as thefe propofitions lead us to the knowledge of the re-. 
lation between the velocities and {paces defcribed, from the forces 
being given. So vice verfa, from that relation being given, | 


_ the forees may be known. Whence if bodies are projected with 


any velocities into a refifting medium, and the fpaces defcribed 
within that body, meafured; the conftitution of that body, and 


the law of its refiftance will be found. 


PRO Pox 


Lf a body be projetied either parallel to the horizon, or in any oblique 


diretiion ; it will, by its motion, defcribe @ parabola. 


Let 4D be the direction of the motion, AFG the curve de- 
fcribed; and let 48, BC, CD, &c. be all equal ; draw 4M, 
BF, CG, DH, &c. perpendicular to the horizon ; and compleat 
the parallelograms, AF, AG, AH, &c. then by Ax. 1. if the 
body were without gravity, it would move on in the line 4D; 
and defcribe the lines 4B, BC, CD, &c. in equal times. Now 
fince gravity acts in lines perpendicular to the horizon, it 
does not affect the motion in direGtion 4D; but generates a 
motion in direction 4M. So that the body, inftead of being at 
B, C, D, &c. will at the fame points of time be at F, G, 
H, &c. But in the time of defcribing 4B, AC, AD, the body 
by the force of gravity will defcend through the fpaces BF, CG, 
DH; which are as the fquares of the times they are defcribed 
in, (by Prop. 14.) that is as the fquares of the lines, 4B, AC, 
AD. But AB, AC, AD are equal to KF, LG, MH; and BF, 
CG, DH, equal to AK, AL, AM. Therefore the parts of the 
axis of the curve, 4K, AL, AM, &c. are refpectively as. the 
{quares of the ordinates KF*, LG+, MH, &c. And therefore, 


by the conic fections, the curve AFG is a parabola. 


Cor. 


\ 


Seq. -« * P RO} Be TTL Bis. 


Cor. 1. The line of direétion AD is a tangent to,the curve in A. 


id ie latus reéfum foatbe point A ‘is a wr ces And in the 
oblique projection, the principal latus rectum is sca fuppofing AOP © 
perpendicular to AM, and G the vertex. For then “8 == 
AP» : Gs 
€G=GP 


Cor. 2. Tf the horizontal velocities of projectiles be the fame, what- 
ever their elevations be; they will defcribe the fame parabola. 

For if 4B be the velocity and diteétion of the projectile, then 
AO 1s the horizontal velocity. When the body comes to the ver- 
tex G, its motion is then parallel to the horizon, which parallel 
motion remains the fame as before, that is, equal to 4O. There- 
fore it defcribes the fame parabola, as a body projected from 

G with velocity JO parallel to the horizon. 


_ Cor, 3. The velocity of a projectile in any point of the. curve, is 
as the fecant of the angle of its direétion above the horizon. 

For AO the horizontal velocity is the fame at all points of the 
curve; and the velocity 4B at 4, in the curve, is the fecant of 
the angle of elevation OAB. 


Cor. 4. The velocity at any point of the curve is the fame that is 
acquired by falling thro’ + the latus rectum belonging to that point: 
_ Or (which is the fame,) thro’ + of the principal latus reéium +- the 

abfciffa to that poiut. 

_ For let 14 be the fpace fallen thro’ to acquire the velocity in 
any point as 4; then the fpace 4D defcribed in the fame time 
with that velocity in erica AV, will be 241 (by Cor. 3. 
Prop. XIV.) but in the fame time, by the fame force of gravity, 
the body will defcend thro’ an equal fpace DH, therefore JD 
or MH = 2DH or 24M; but the latus re@um — ee — 
4AM vex ; 

Fig 0 44M. Therefore 4M or AI = the latus rectum, 


hes | PROP. 


e5 
FIG. 


7: 


ae 


FIG. 


Y Fa 


PROJECTILES. 


PR OF ov 
The horizontal diftances of projeflions, made with any velocities, 


and at dny elevations, are as the Sines of the doubled angles of 
elevation, and the fquares of the velocities, 


‘Let v = velocity of the projectile; meafured by the fpace it 
ms paffes thro’ in time i. 


f = defcent of a body by gravity in the [ame time. 
x x AE the horizontal diftance, or amplitude. 


Cael 


5 — fine 
the elevation, V_AE. 
ReaD AAL AE Sa 


A = fine \ Si a 
ation. 
fae RP of twice the elevation 
Then by trigonometry, 2sc=4, and 25s = B, when the radius 


is 1. And in the right angled triangle ZEV. 
Coe. t CEA pig = — AV, and 


5x 
PE a oe See eel! 2 OP 


| And by Prop. Ill. - 
w: (time) 1 :: (AV) . = = time of defcribing AV. 
And by Prop. XIV. : ae 
Ff: (tame) 1: * (VE) : = fquare of the time of de- 
{cribing VE. Naw the lee defcribing AV, VE, and AGE 


uae VUSC I, 


are all l, hence” — —"".. Theref Si er 
e all equa Whence Ps wide erefore x Pre 
sei And therefore x or -4E is as vva. 


of 


Cor. Hence, the attitudes of projections, are as the fquares of the 
fines of elevation, and the fquares of the velocities 5 or as the verfed 
Sines of the doubled angles of elevation, andthe {quares of the veloct- 
ties. | | ay 


For if G be the vertex, GP = + CP = : VE, and VE = 
So UUSS UUSS vUB : : 
= <<". Therefore GP = —- = —~- Therefore GP is 
c iy AF ake Sp? } 


as UUss Or as UU B. 


Cor. 


Seét. IL, SPROPFEECTIL ES. 


Cor. 2. The times of flight of projectiles, are as the velocities, 
and the fines of elevation. pl as 
For the time = *-— ™. 
ect CU 


f 


Cor. 3. The greateft random or horizontal projettion, is at the 
elevation of 45 degrees, And the horizontal diftances are equal, at 
elevations equally diftant above and below 45°. 


S Cyb Onl.» 
Let 4 be the hight of the perpendicular projection with the 
velocity v ; then will Epes 7 Whence 
Te diftance = oF os oF = 45th = 2Ab. | 
Altitude of the projection ae rae = ae pened BY aioe Bh. 
ena fight = - ious 26 2 | 


, es PROP. XVIL 


The diftances of projections made on any inclined plains, are in the 
complicate ratio of the fines of the angles which the lines of direc- 
tion make with the plane and zenith, and the fquares of the velo- 
cities, direéily; and the cofines fquare of the plane’s elevations 
reciprocally. ek say 


Let AE be the inclined plane, AV the direction of the pro- 
_jettile, $4, CP, VE perpendicular to the horizon; AGE the 
path of the projectile, and let 
sy = velocity of ihe projettile in A, meafured by the {pace 

it defcribes in the time 1. | 
. f = fpace deferibed by a defcending body in the fame time. 
ees) — fine of VAL, | 

NG — fine of VAS; 

oe fine of OAL, > | 
% = AE the oblique diftance, or random. . 


E 2 Then 
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PROJECTILES. 
Then by plain trigonometry, =~ 
c:w(AE)::2:M = =; and 
"a. ak Mngt 26? Adena ~. 
And by Prop. III. 
Space v: time 1: pay ——— time of defcribing AV. 
And by be. XIV. 
Space f: time 1: : (VE) = 


defcending through VE. | 
But the times of defcribing A, VE being equal, we have 


su HNRE ae GR ScuU 
oa or 5. = “Sy whence x and f being a 
PE ORO AF age Suz 
scuv 
given Degutl x or, AH is as —— 
me 


= fquare of the time of 


Cor. 1. ¢ he bights Shorts the planes, are as the aN of the 
velocities, the fquares of the fines of elevation above the planes, 
diretily , and the fquares of the cofi ines of the planes elevations, 
reciprocally, — 

For if 4AP=PE, then G is the vertex of a parabola, in 


refpect of the plane JE. And GP=3VE = = 
AED fica: 


Cor. 2. The times of flight are as the velocities and fines of ele- 
vation above the planes; and the cofines of the planes eleva 
reciprocally. 

sexs Sse 


Porsthetinie 6 te 
cv ia 


Cor. 3. "Hence alfo the altitude is as the fquare of te time of 

fight. 
For the altitude is as =<" 
eat cae 


, and the time as 


Cor. 4. The greateft projection upon an inclined plane; is when 
the line if diveétion bifetts the angle between the plane and zenith. 
And the projettions are equal at elevations men) diftant from this 
line, above and below. , me 


f 


For 
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For upon the fame plane, E is as sc, and sc is greateft when pic. 


sxe. And at equal diftances above and below sc is the fame. 


Cor. 5. This Prop. holds true, whether the projetiions be made 


up, or down the plains, or whether both planes be inclined, or 
one is inclined and the other horizontal. 


SC HOF. 


‘Let 4 = hight of the perpendicular projection as before, then 
ety 


B= —. Whence : 
Af b . 


Length of the projection = i dks aaa 


bie oo see 
Cae Wes NE ee SLUT ea SSE? oo 
Hight of the projeciion = i ee 
gh He | (aA a Bk Ae 
Time of flight ee Wr 
And if d = AE the length of the projection, then ae cena 


| whence Di sas, us And fuppofing the utmoft random of 
: , 


one of our greateft guns to be 5864 paces; then v = 194 paces 


I 


= 324 yards, fo that a ball fhot out of her, moves at the rate 
of 324 yards in a fecond. All this fuppofes that there is no 
refiftance of the medium. But it may be noted, that by reafon 
of the air’s refiftance, the upper randoms, being more refifted, 
{carce go fo far as the under randoms ; and the greateft random 
upon a horizontal plane, is therefore at fomething lefs elevation 
_ than 45 degrees. a0 83 


¢ 
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The properties of the mechanical powers : the bal- 


FubG. 


lance, the leaver, the wheel, the pulley, the 
Jcrue, and the wedge. 


PROP. XVII 


If at the ends of a ballance AB, which are equally diftant from 
the center of motion C, two equal weights be fufpended they will 
be in equilibrio. ! pany SN a4 
Flere 4B that reprefents the balance is fuppofed to be a 
right line, in which are the three points 4% B,C. Now the 
weights 4, B, cannot,act upon one another any otherwife than 
by means of the balance 4B, whofe fixt point is C. : 


Suppofe then that any force apply’d at 4 puts the body 4 


into motion, and by means of the balance the body B; then 
fince the brachia or ends of the beam C4 and CB are equal ; 
the arches 4a, Bb, defcribed by thefe bodies will be equal. 
Confequently the velocities and quantities of matter of As B, 


" being equal, their momenta or motions will be equal. And, 


becaufe ACB is a right line, they move in a contrary diredtion ; 
and therefore by ax. g, thefe bodies cannot of themfelves raife 
one the other, but muft remain in equilibrio. | 


Cor. Hence equal forces A, B, apply’d at equal diftances trom the 
center of motion C, will have the fame effec? in turning the balance. 


PROP. 
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PROP. XIX. 


In any fireight leaver, if the power P be to the weight W, as the 
diftance of the weight from the fulcrum C, to the diftance of the 
power from the fulcrum, the power and weight (aéting perpen- 
dicularly on the leaver) will be in equiltbrio. ate. a) 


A leaver is any inflexible beam, ftaff or bar, whether of 
metal or wood, &%¢. that can any way be apply’d to move bo- 
dies. There are 4 kinds of leavers ; | 
3. A leaver of the firft kind is, that where the fulcrum is be- 
tween the weight and the power, (fig. 10.) | 

9, A leaver of the fecond kind is, where the weight is be- 
‘tween the fulcrum and the power, (fig. 19.) 

3. The leaver’ of the third kind is, where the power P is be- 
tween the weight and the fulcrum, (fig. 20.) 

4. The fourth kind is the bended leaver, (fig. 12:) 


CASE I. 


In the leaver of the firft kind WCP, inftead of the power P, 
apply a weight P to act attheend CP. And let the leaver 

_WCP. be moved into the pofition aC. Then will the arches 
Wa, Pb be as the radix CW, CP; that is as the velocities of 
‘the weight and power. Whence fince P : VW: : CW’: CP, there- 
fore P: W:: velocity of W: velocity of P: therefore P x 
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Io. 


velocity of P = W x velocity of W. Confequently the momenta - 


or motions of P and Ware equal. And fince they act in con- 
trary direétions, therefore by ax. 9. neither of them can move 
the other, but they will remain in equilibrio. 


CASE Il. 


"The leavers of the 2d and 3d kind may be reduced to the 
sft thus; make Co=CP, and inftead of the power P, apply a 

weight equal to it at p. Then by Cafe 1, the weight WY and 

power p will keep one another in equilibrio ; and (by Cor. Pr. 
_ 18.) the weight p and power P will have the fame effect in 
turning the leaver, therefore the power P and weight 7” will 
be in equilibrio. ee 


¢ 
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IQs 
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MECHANICAL POWERS. ; 
Cor. 1. In any fort of leaver whether ftreight or bended, and — 
whether moveable about.a fingle point C, or an axis ABs or whe- 
ther the leaver be fixt to the axis and both together moveable about 
two centers A, B 3; or whatever form the leavers have ; if AB be 
a right line, and from the ends P, W, there be drawn lines to the 
center C, or perpendiculars to the axis AB, and if the power and. 
weight att perpendicular to thefe lines, and be always reciprocally 
as thele aiftances drawn to the center C or axis AB; then they will 
be in equilibria. Sar uy | 


Cor. 2. In any fort of leaver WCP, and in whatever directions 
the power and weight att on it, if their quantities be reciprocally — 
as the perpendiculars on their feveral direétions, tet fall from the 
center of motion; they will be in equilibrio. Or they will be in 
equilibrio, when the weight multiply’d by its diftance, and the 
S. angle of its direction, is equal to the power multiply’ by its diftance, 
and S. < of its direttion. WxWCxS.DWC=PXPCXS.E PC. 


For the power and weight will be in equilibrio if they be 
fuppofed to act at E and D; and by ax. 14. it is the fame 
thing whether they act at E and D, or at PandW. Alfo by 
trigonometry, WCXSW—=DC, and PCXS.P=CE. | 


Cor. 3. Hence univerfally, if any force be apply’d to a leaver 
zts effect in moving the leaver, will be as that force multiply’d by 
the diftance of its line of direttion from the center of motion. Or 
the effect is as the force x by its diftance from the center, and by 
the fine of the angle of its direftion, PXPCXS.P. a 


Cor. 4. If 2 bodies be in equilibrio on the leaver, each weight 
as reciprocally as its diftance from the center. | . 


Cor. 5. In the ftreight leaver when ‘the weight and power are in 
equilibrio, and aéf perpendicularly on the leaver or in parallel direc-- 
tions 5 then of thefe three the power, weight, and preffure upon the 
fulcrum, any one of them is as the diftance of the other two. 


For if CP reprefent the weight W, then CW will reprefent 
‘the power P. And in fig. 10, C fuftains both the weights, and 
therefore the preffure is WP; and fig. 19, 20, C fuftains the 
difference of the weights, and therefore the preffure will be WP. 


a 
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Tf feveral weights be Jufpended ona fireight leaver AB ; and if the 
fum of the products of cach weight, multiply’d by its diftance from 
the center of motion C, on one fide, be equal to the fum of the 
products on the other fide, then they will bein equilibrio. And 
the contrary. 


- For the force of each weight to move the leaver is as.the 
weight multiply’d by the diftance (by Cor. 3. laft Prop.) ; and 
the fum of the products is as the whole forces; which if they 
be equal, the forces on both fides are equal, and the leaver re- 
maing at reft. a De | 


PROP. XXI. 


Ta bended leaver WCP. be kept in equilibrio by two powers, atiing 
in the direttions PB, WA perpendicular to the ends of the leaver 
CP, CW ; and if the lines of direétion be produced till they meet 
in A, and AC drawn, and CB parallel ta WA. I fay the power 
Py the weight or power W, and the force aéting againft the 
fulcrum C; will be refpectively as AB, BC, AC; and in thefe 
very direttions. — : 


Draw CB, CF parallel to WA, PA; then the angle WFC = 
WAP=CBP, and the right angled triangles WCF and BCP 
are {imate swhence CF: CB: €W ::CP.:.: (by Cor.:2. 
Pr. 19.) power P: power W. Now fince (by ax. 14.) it is 


2I.. 


t B2 


_ the fame thing to what points of the lines of direction PB, WF, | 


the forces P, W be apply’d; let us fuppofe them both to 
act at the point of interfection 4; then fince the point 4 is 
acted on by two forces which are as CF and CB, or as 4B and 
AF; and both thefe are equivalent to the fingle force AC (by 
Cor. 2. Pr. 7.) Therefore the fulcrum C is ated on by the 
force AC, and in that direction, by ax. 11. te ite ! 


Cor. 1. Hence the power P, the weight W, and the preffure the 
fulcrum C fuftains,; are refpectively as WC, PC, and PW. That 
75 any one, is as the diftance of the other two. | 

For fince the angles at P, W are right; C// is the diameter 


_ of a circle paffing through the points 4, P, C, W; therefore ~ 
| F | | 


@ the 
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FI. the Shot: WPC= WAC= ACB, and the angle CWP=—=-CAP ; 


22. 


23. 


therefore the triangles 4BC, WCP are fimilar ; ; and 4B : BC 
: WC :CP; and BCS HC. CE PW: Therefore, Se. 


Cor. 2. In ey leaver WCP; the lines of dire&tion of the powers | 


PW, WF, and of the prefure on the i C; all tend ie. one 
point A, 


For if not; the leaver would not remain in equilibrio. — 


PARQ Pa XXI1, 


o 


b 


Hg AB, CD be two leavers moveable about A, and C; and fome 
force atts upon the end B of the leaver AB, in a given direftion 
BF; whilft the leaver AB alts upon.CD at B. If BE be 

drawn perpendicular to CB, and AE parallel to BE: And if 


thefe leavers keep one another in equilibrio. Then I fay,, the force 


in direétion BF, force againft DC in diretiton EB, and the pref 
fure againft the center A; are refpettively as AE, BE, AB. 


For fince (by Prop. g.) the leaver 4B atts upon BC at B, 


in the direction EB perpendicular to BC; and the leaver CD © 


re-acts in direction: BE ; and (by ax. 19.) ‘the point 4 is acted 
on in direction B4. ‘Therefore the point Bis acted on with 


3 forces; BF the force apply’'d at B, and BE the re-aéction of — 


the leaver CD, and AB the re-action of the center _47; and AE 


is parallel to BF’; therefore (by iti. 8.) thefe forces are as 


AE, BE, and AB. 


Cor. If two forces BF, BE aki ng perpendicular to the os 


AB, DC, keep thefe leavers in equilibvio: The force BE, force s" 


BF, preffure at As are refpetiively as radius, Cof. ABD. and 
SBD: | 


For then £.4B is a right angled triangle ; and thefe forces. | 


are as BE, AE, and AB; that is, as radius, S.ABE, and 
S.AEB ; that is, as radius, Cof, ABD, and §.ABD. 


PROP. 
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PROP. XXII, 


if AB, BC be two leavers moveable about the centers A and C; 
_ and if the circles KBM and DBE be defcribed with the radii 
BC, BA; and upon the circle BM as a bafe, with the generating 
circle DBE, the epicycloiid BNE be defcribed; and the leaver 
CB and epicyclaid BNE be joined together in that very pofition, fo 
as to make but one continued leaver CBNE. And if thefé leavers 
_CBNE, and AB move about the centers C, A; fo that the end 
D of the-leaver AD be always in the curve of the epicycloid DK ; 
4 fay that two equal and contrary forces at D and K, aéting per- 
| pendicular to the radii DA, KC, will always keep thefe leavers 
in equilibrio. 


: 


24. 


For let the leavers 48, CBNE come into the pofition AD, » 


CKDF; then fince the epicycloid KD is defcribed by the point 
_ 2D, whilft the arch DB rowled upon the equal arch BK, there- 
_. fore the end D of the radius 4D hath moved through an arch 


BD equal to the arch BK, through which K has moved. There- 


fore the points D, K, have equal velocities in any correfpondent 

places D, K. Therefore equal weights H, J, apply’d to the 
circles DB. and BMG will have equal quantities of motion ; 
and will therefore keep each other in equilibrio, by ax. 9. 


Cor. 1. Hence if one leaver AD move uniformly about the center 


A, the other CKD will alfo move uniformly about its center C. 


And the arch BD defcribed by D will be equal to the arch BK 
deferibed by K. Paes A | 


Cor. 2. It is the fame thing whether the leaver AB a& againft 
the convex or concave fide of the leaver CKD, provided the end D 


be always in the curve KD. 


Cor, 3. After a like manner if BE be an epicycloid deferibed 
within the circle BRM, by the generating circle BD. And the 
beaver CBE be compounded of the right line CB. and -the epicycloid 

BE then the leavers CBE and AB, by equal forces aGiing at B, 
will keep one another in equilibrio in any pofition, as CKF and AD. 


For when 4B is come to 4D, and CBE to CKDF;; then the" 


_ arch BK = arch BD. Whence the weight or forces acting at 
_ the diftances CB, AB, have equal velocities; and therefore will 
fuftain one another. 
Ee +} hy s P 


re) 
nr 
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Cor. 4. If BC be infinite, or (which is the fame thing) if BK 
be a right line perpendicular to AB ; then BE or KDF will be the 
vulgar cycloid. Therefore whilft the point D moves uniformly about 
the center A, the point K will move uniformly along the right line 
BK, and with equal velocities and forces: The point D in the mean 
time aéting upon the cycloidal tooth KD. And any equal oppofite 
forces will fuftain one another. ene. 

In like manner, if BA be infinite, or BD a right line perpendi- , 
cular 10 BC; then BE or DK will be anvepicycloid generated by 
the tangeut DB revolving on the circle BK. And the velocities of — 
K in the right line BK, and of D im the right line BD, will be 
always equal :' And equal forces will be fuftained at B, in all pofi- 


tions of the leaver CKD. 


Cor. 5. If the figure of the tooth ef, at the end of the leaver 
AB, be given; and the epicycloid BE be defcribed as before. And 
if ive leavers AB, CB, be made to revolve about their’ centers A, 
C; fo that the point B always move in the epicycloid BE or KD. 
And if the tract of the extreme points of the tooth be-mark’t out 
upon the plane of the cycloidal tooth, as at feggee, or at funune. 
And if the part foDdKf be cut away, if the tooth be to ati on the 
concave fide of the epicycloid, or fneDdKf, if on the convex fide. 
Then if the leavers revolve fo that the tooth move along the. curve 
ge or nn; the points D and K of the leavers AB, CD, will move 
with equal velocities, in the arches BD, BK, as before. For the 
fixt point B in the tooth will ftill defcribe the epicycloid. 


Cor. 6. If the two epicycloids BE, BO be defcribed upon BM, 
BL with the generating circles BD, BK; and the leavers AB, 
CB, revolve about the centers A, Cs fo that the point B or D of 
the leaver AB move along the epicycloid BE or KDS. Then the 
point Bor K, of the leaver CB, will at ihe fame time move along 
the epicycloid BO or DKT ; and the points D, K, will defcribe the 
equal arches BD, BK. And therefore it is the fame thing, on 
which leaver the cycloidal tooth be placed, or whether on one or both. 
_ For the epicycloid DKZ generated on DB, will pafs through | 


. 


KB, will pafs through D, when BK = BD. 


_K, if BD = BK. Alfo the epicycloid KDS, generated upon’ — 


S.C. H. Oe 


The leavers 48, CB are fuppofed only to act upon one ano- 
ther, below the line AC; for was the action fuppofed to be 
) continued 


- 
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continued above the line 4C, the point B would no longer a&t gio. 
on the fame, but on a different epicycloid; and the equality of 24. 
motion would hold no longer. | 26. 


4 


oP RO PO oO XXIV. 


In the wheel and axel, if the power P be to the weight W, as the 20. 
diameter of the axel EF where the weight afis, to the diameter 
of the wheel AB, where the power alts; then the power and 
weight will be in equilibria. nd the contrary. | 


For let 4B be the wheel, CD the axel; and fuppofe the 
wheel and axel to turn once round ; then it is plain the power 
P will have defcended a fpace equal to the circumference of the 
wheel ; and the weight W will have rifen a hight equal to the 
circumference of the axis. Therefore velocity of P, to velocity 
of W: +: as circumference of the wheel, to circumference of the 
_ axis: : or as diameter of the wheel, to diameter of the axis : : 
that is (by fuppofition) as W, to P. Therefore the motions of 
P and W are equal; and have equal forces to move each other ; 
and therefore (by ax. 9.) will remain in equilibrio. 

This Prop. will appear otherwife. For the wheel and axel 
may be reduced to a leaver of the firit kind: for the fulcrum 
will be in the middle of the axis CD. Therefore drawing © 
lines from the middle of the axis to the power and weight, pa- 
rallel to the horizon ; and the radius of the wheel will be the 
diftance of the power, and the radius of the axel the diftance 
_ of the weight. And as there radii are reciprocally as the weight 
and power, therefore (by Prop. 19.) they will be in equilibrio. 
And thus the wheel and axel is no more but a perpetual leaver. 


Cor. 1. If the rope have any fenfible thicknefs, then if the power 
P.: weight W : : diameter of the axel +- the diameter of the rope : 
diameter of ihe wheel where the power atts; they will be in equi- 
librio, . | 
For the weight really hangs half the thicknefs of the rope, 
beyond the axel. 


Cor, 2. If the direttion of the power is not a tangent to the 3%. 
wheel ; fuppofe it to a at D ord, and let CA be perpendicular to 
the line of direéiion; thenif P:W::CB: CA, then they will 
be in equilibrio, by Cor. 2. Prop. 19. C; 
| ae | Or. 
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_ of the wheel at By then the wheel is in equilibrio. 
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Cor. 3. If the wheel and axel, one or both have teeth, then if 
the power P aéting on the teeth at B, be to the weight W atting 
on the teeth at As as the diameter of the axel at A, to the diameter 


Cor, 4. And it is the fame thing if inftead of a wheel there be 
only [pokes fixt in the axis, whofe length is equal to the radius of 
the wheel: And any other equal force be apply’d for a power, in- 
ftead of the weight P. 3 pet 

Cor. 5. The force of the weight is increafed when one or more 
Spires of the rope is folded about the axel. For that, in effed, 
augments the diameter of the axel. 


Cor. 6. It matters not bow low the weight bangs. For whilft 
the axel remains the. fame, the refifiance of the weight remains the 
fame, fetting afide the weight of the rope. 


* 
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Let NBD, MBK be two tooth’d wheels in the fame plane, and if 
the teeth of the wheel BM be the epicycloids BE, kd,:KD, de 
fcribed on the bafe KBM, with the generating circle BN, and 
thefe teeth all equidiftant ; and if B, d, D the ends of the teeth. 

- of the wheel NBD be alfo equidiftant, and thefe diftances Bd, 
‘aD equal to Bk, RK: Then I fay the points of the teeth B, d, 
D, will all aé together, on the cycloidal teeth BE, kd, KD, as 
the wheels turn round. And any points D, K, will move through 
equal arches BD, BK in equal times. | 


Draw the radii 4D, Ad, and CK, Ck; then 4D and CKD 
may be confidered as two leavers moving about 4, C, and acting 
on one another in D: And the fame of 4d, Ckd, acting at d. 
But by the motion ef the wheels BD, BK, fuppofe D always to 
be in the epicycloid KD; then (Cor. 1. Prop. 23.) will BD = 
BK, and fince Dd = Kk, therefore Bd will be = Bk, and con- 
fequently (by Cor. 1. Prop. 23.) the point d will be in the 
epicycloid kd. And thus if there be never fo many teeth B, d, . 
D, Ge. they will always be in the curves of the epicycloids’ 
BE, kd, KD; Gc. therefore the working teeth either act all at 

| . igh QACE 
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‘once upon one another, or they act not at all. And as the ¢ 


velocities of any points are equal in the two wheels BD, BK, 


when only one tooth acts upon one; they will ftill be equal,. 


if never fo many act together. 


Cor. 1. Hence any equal weights or forces apply’d to the circum- 
ferences of thefe two wheels, as at B, and atiing one againft the 
other, will keep thefe wheels in equilibrio.. Likewife it is the fame 
thing whether the wheel AB drive the wheel CB, its teeth alting 


upon the concave fide of the cycloids, or the wheel CB drive AB, 
the convex fide of the cycloid atting againft the teeth of AB. | 


Cor. 2. Hence, infiead of the points B, or the infinitely {mail 
teeth of the wheel ABD, if any fort of a tooth rs be placed at B; 
and if the wheels be made to move about fo that the given point B 


may defcvibe the epicycloid BE or KD, whilft thetrackt of the ex- 


tream points of the tooth is markt out as KeD, Kf{D; and the 
fpace KeDf be cut away; end the fame.be done for all the other 
teeth, being equidifiant and of the fame form and bignefs. Then 
if one of thefe wheels is fuppofed to drive the other, by thefe teeth 
running in the fpaces DfKe, I fay the circumferences of thefe wheels 
will move with equal velocities, and all the working teeth will ai 


together. ‘This is evident, becaufe the points B, D, will by this 
‘motion defcribe the epicycloids as before. | 


Cor. 3. If the epicycloid BV be deferibed on the bafe KBH, 
with the generating circle BD, and a portion of the epicycloid be 


. placed at equal diftances B, LK, for teeth 5 then the teeth of the 


wheel. A alting againft the cycloidal teeth, will make the motion equal 


in the two wheels. Where we may take as great a portion of the 


cycloid as we will, and the fides BO, LI, which adi not, may be 
of any figure, not to binder the motion of the teeth of sA. And it 1s 
tbe fame thing what part of the tooth LO, the tooth G aéis againji. 


Cor. 4. But the teeth ought not to alt upon one another before 
they arrive at the line AC, which joins their centers. And though the 


fide BO of the tooth may be of any form , yet it is better to make them 
both fides alike, which will ferve to make the wheels turn back- 
wards: Alfo a port as pqr may be cut away on the back of every 
tooth, to make way for thofe of A. And the more teeth that work 


together, ihe better , at leaft one tooth foould always begin before 


the other bath done working : The teeth ought to be difpofed in 


fuch manner as not to trouble or binder one anciber, before they 
begin to work, and that there be a convenient length, depth and 
thickne/s 
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r 1G, thickne/s given them, that they may more eafily difengage themfelves ; 
25. 


as well as for firength: 


\ 


PROP. XXVI. 


36. Ina combination of wheels with teeth ; if ihe power P be tothe - 


38. 


et. 


they will be in equilibrio. 


weight Ws; as the product of the diameters of all the axels, 
pinions, or trundles; to the produé? of the diameters of all the 
wheels ; they will be in equilibrio. | : 


es For. by Prop. XXIV. 

The power P acting at 4: force on B: : diam. B: diam. J, 
and force on B or C: force on D: : diam. D : diam. C, 
and force on D or £: weight W at F:: diam. F: diam. E. . | 

: Therefore ex equo. i 

Power P : weight WY: : product of the diameters B, D, F: 

to the product of the diameters 4 C, E.° 


Cor. 1. In a combination of wheels going by cords ; if the power 
P be to the weight W , as the produét of all the diameters of the 
axels, B, D, F, to the product of all the diameters of the wheels, 
4, C, E ; they will be in equilibrio. ! 

For the cords fupply the place of teeth, - 


Cor. 2. In any combination of wheels with teeth; if the power 
P be to the weight Ws as the diameter of the axel F where the 
weight atts, multiplyd into the product of the teeth in each pinion 
or [pindle; is to the diameter of the wheel A, where the power ats, : 
multiply’d by the produci of the teeth in each of the wheels ie the 
pinions att againft); the weight and power will be in equilibrio. 

For the number of teeth in each wheel and pinion that a 
againft one another, are as the circumferences or as the dia- 


-meters of that wheel and pinion, 


Cor. 3. And hence alfo, if the power be to the weight, ina 
ratio compounded of the diameter of the axel F, where the weight 
ais to the diameter of the wheel A, where the power 
atls, and the ratio of the number of teeth in the firft axel (B), — 
reckoning from the power; to the number of teeth in the fecond 
wheel (C), and of the number of teeth in the fecond axel (D), to 
the number in the third wheel (E); and fo on till the laft; then 

/ Cor. 
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Cor: 4. In a combination of wheels, the number of revolutions of 
the wheel F where the weight atts, to the number of revolutions of 
the wheel A where the power atts, in the fame time; is as the pro- 
dui of the teeth in the pinions, to the product of the teeth in the 
wheels which att in them, or as the produf of the diameters of 
the pinions, to the product of the diameters of the wheels. 


oth Oa 8) 1 Wy 


In wheels whofe teeth work together, they fhould not én- 
counter before they come to the line joining their centers ,; be- 
_caufe the rubbing is greater on that fide; but being paft the 
line, the teeth flip eafily along one another, in making their 
efcape, fo that the friction is very confiderable. 


POR COMP. oe Lh: 


If a power fuftain a weight by means of a rope Loing over a jixt 
pulley ; then the power is equal to the weight. But if the pulley 
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be moveable together with the weight, and the other end of the . 


rope fixt ; then the power will be half the weight. 


For fuppofe a horizontal line 4B drawn through the center 
of the pulley C; then that line will reprefent a leaver, and (in 
fig. 39.) where the pulley is fixt, the center C being kept im- 
moveable, reprefents the fulcrum ; whilft the weight acts at B, 


and the power at 4. And becaufe BC = C4, therefore (by - 


Prop. 19.) the power P is equal to the weight W. 

And (in fig. 40.) the fixt point B is the fulcrum, and the 
weight acts at C, and the power at 4; and fince BC is half AB; 
therefore (by Prop. 19.) the power P is half the weight W. 


Cor. Hence all fixt pulleys are equivalent to leavers of the firft 
kind. And they add no new force to the power, but only ferve to 
change the direttion, and facilitate the motion of the rope: But a 
moveable pulley doubles the force. And if a rope'go over feveral 
pulleys, A, B, C, whofe blocks are all fixt , the power is neither 
increased nor diminifbed.. : i 


G PROP. 
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PROP... XXVIII. 
Ina combination of pulleys all drawn by one running rope; if ihe 
power P be to the weight Ws as 1 to the number of parts of 
the rope at the moveable block A; they will be in equilibria, 


For (by ax. 18.) all the parts of the rope m, 0, m1, 5, ty V, 


are equally ftretched; and the weight W is fuftained by the 


37: 
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_ W, has moved the diftance of one tooth. 


number of ropes that act againft the moveable block; and the 
rope v or the power P acts with the force of one. Therefore 


the power is to the weight; as 1 to the number of ropes pull- 
ing atthe moveable block 4. 


Cor. Hence the. power is to the force by which the immoveable 
block B is drawn, as 1 to the number of ropes atting againft that 
immoveable block. . 


¥ 


PROP: XxXIx, 


In the ferew, if the power P be to the weight W ; as the hight — 
of one thread (reckoned according to the length of the ferew), . 


to the circumference defcribed by one revolution of the power; 
‘then they will be in equilibrio. : 


For the weight W rifes the hight of one thread, whilft the 
power defcribes the circumference whofe radius is PC. ‘There- 
fore the velocities of the power and weight are reciprocally as 
their quantities: Therefore their motions are equal, and they 
are in equilibrio. | 


Cor. 1. In the endlefs or perpetual fcrew AB, whofe teeth take 
the teeth of the wheel CD. If you take the diftance of two threads 
in the fcrew AB, according to the length of the axis AB or the 
diftance of two teeth in the wheel CD, in direétion of the circum- 
ference. And if a weight W af at the circumference of the wheel 
CD. Then if the power P, be to the weight Ws as that diftance 
(of the teeth or threads), to the length defcribeed by the power P, 
in one revolution , then they are in equilibrio, ae 

For in one revolution of P, the wheel DC with the weight 


Cor. 
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Gor. 2. And by redfon of the obliquity of the teeth, the force 
atting perpendicular to the teeth, the lateral force perpendicular to 
the wheel, and the direét force in the plane of the wheel; will be 
refpectively, as radius, the fine, and cofine of the obliquity of the 
teeth. 

For let GD be the fide of a tooth acted on; GE parailel to 
the axis of the wheel, and DE perpendicular to it, or in the 
plane of the wheel. Now if GD reprefent the force acting 
perpendicular to the tooth. Then DE, GE will be the forces 
ating in the directions GE, DE, (by Cor. 1. Prop. 8.) but if 
GD be radius, DE is the fine of the obliquity, and GZ the 
cofine. | 


. Cor. 3. The leffer the diftances of the threads, and the longer 
the handle is; the eafier any given weight is.moved. 


Cor. 4. What is bere demonftrated, will bold equally true, if the 
wheel CD aét upon another wheel with oblique teeth, inftead of the 
worm AB. | | 


~~ 


SC H:OL. 


- The force of the-{crew refembles the force that drives a body 
- upan inclined plane ; the force acting parallel to the bafe of the 
plane. | : | | 


PROP. XXX. 


Let EFG be the bafe of a wedge in form of an ifoceles triangle ; 
then if the power alting perpendicular to the bafe FG, is to ihe 
force aéting againft either fide, in direttion perpendicular to that 
fide, as the bafe of the wedge FG, to either of the fides EF, 
EG : Then the wedge is in equilibrio. 


For draw the.axis ED perpendicular to the bafe FG; and 
CA, CB perpendicular to the fides EF, EG; then DC is the 
direction of the power. And (by Prop. 9.) the impediment to 
be removed, acts againft the wedge in the directions 4C, BC; 


and therefore (by Cor. 1. Prop. 8.) the ‘power, and the actions » 


.of the impediment, are as FG, FE, EG refpectively, when 
they are in equilibrio. : 
| G2 | Cor. 
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FIG, 


AP Cor. 1. The power atiing perpendicular to the bafe, is to the 
. force aéting againft either fide, in direction parallel to the bafe FG, 
or perpendicular to the axis DE; as the bafe FG, to the hight 


ED: When the wedge is in equilibrio. 


For the force EG may be divided into the two ED, DG (by 
Cor. 3. Prop. 7.) Then fince (by this Prop.) EG is the force 
acting in direction CB; £D will be the force aéting in direc- 


tion DG. 


Cor. 2. The foarper the wedge, or the more acute its angle, the 


eafier it will divide any thing or overcome any refiftance. 
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abn) Cor ae 
The defcent of bodies upon inclined planes, and in 


curve furfaces ; and the motion of pendulums. 


Pe OF Pe ROT, 
. pkg | FIG. 
If a beavy body W, be fuftained upon an inclined plane AC, bya 46. 

power atiing in a direttion parallel to that plane. Then 
The weight of the body, the length AC, 
The power that fuftains it, the bight CB, 
And its preffure againft the plane; ¢ and the bafe AB, 
fre refpetiively, as _) of the plane. 


Draw BD perpendicular to 4C; then the force of gravity 
tends perpendicular to the horizon, or parallel to CB; and the 
direction of the power is parallel to DC, and the preffure againft 
the plane is (by Prop. 9.). parallel to DB. And therefore their. 
quantities are refpectively as the three lines CB, CD, BD, (by 
Prop. 8.) 3; that is, by fimilar triangles, as AC, CB, and AB. 


Cor. 1, The weight, power, and preffure; are refpettively, as 


_. radius, the fine, and cofine of the planes elevation. 


For the fides are as the fines of the oppofite angles. 


Cor. 2. The relative weight. of a body, to make it run down an 
inclined plane, is as the hight direéily, and length reciprocally, 


eos or it 18 as the fine of the planes elevation. 


Cor. 3. If a cylinder be fufiained upon an inclined plane, bya 47> 
power drawing one end of a rope parallel to the plane, whilft the 
other end is fixt. This power is to the weight of the cylinder, as 
half the hight, to the length of the plane. ! 

For half the relative weight of the cylinder is fuftained, by 
the other end of the rope which is fixt. | | 

Bate rc: SCHOLL. 
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46. ° If it be required to find the pofition of the plane AC, whofe 
hight BC is given; fo that the given weight /” may be raifed 
through the length of the plane AC, in the leaft time poffible, 
by any given power P, acting in direction DC. Make AC = - 
— x BC, and you have your defire, : 


ri : PROP. XXXIL 


46. If a beavy bodyW be fuftained upon an inclined plane AC, by a 
power atting parallel to the horizon. Then, Lend «te 


The weight of the body, the bafe AB, 

The power that fuftains it, the hight CB, 

The preffure againft the plane, ( and the length AC, 
Are refpetiively as of the plane. 


For the body is fuftained by three forces, the power, the 
gravity, and re-action of the plane ; the weight is perpendicular 
to 4B, the power, is perpendicular to CB, and the preffure is 
perpendicular to AC. Therefore (by Cor. 1. Prop. 8.) thefe 
forces are as 4B, CB, AC. dist; 


Cor. Hence the preffure on the plane, the power and the weight 
are refpectively, as radius, the fine and cofine of the planes ele- 
vation. | . : | 


PROP. XXXIil. 


4g. Uf 4 heavy body W be fuftained upon an inclined plane AC, by a 
g. . power P atting in any given direttion WP. And if BED be let 
fall perpendicular onWP. Then, ; 
| Power P, , DB, 
Weight of the body W, AB, 
Preffure upon the plane, ( AD. 
Will be refpetiively, as J 


For 
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Se. IV. on INCLINED PLANES, 


--For fince BD is perpendicular to the direCtion of the power, 
AB to the direction of gravity, and 4D to the direGtion of the 


_ preffure on the plane. Therefore (by Cor. 1. Prop. 8.) thefe 


forces will be refpectively as BD, 4B, AD when they are in 


47 


e . -G. 


Cor. 1. The power, weight, and preffure againft the planes are ~ 


ve[pecttively as the fine of the planes elevation, cofine of the angle of 
tration CWP, and the cofine of the direttion of the power above 
_ the horizon. bg : 


_ The angle of traction is the angle that the direction of the 
power makes with the plane. And in the triangle 4BD, the 
fides are.as the fines of the oppofite angles, where << D = 
complementof DWP... | 


Cor. 2. Hence whether the line of direstion of the power be ele- 
wated, above, or below the plane ; if the angles of traltion be equal ; 
equal powers will fufiain ibe weight. But the preffure is greater 
when the line of diteétion runs below the plane. 


Cor. 3. The power P is leaft when the line of direétion is parallel 
to the plane. And infinite when perpendicular to it. And equal to 
the weight, when perpendicular to the horizon. 


Cor. 4. If a weight upon an inclined plane be in equilibria with 


50. 


another banging freely , their perpendicular velocities will be reci- 


procally as their quantities. 


- For let the weight at W” be made to defcend to 4, and draw 
Wr perpendicular to 4H; and Wi, Dv to AB; then the weight 
P will have afcended a hight = 4, which is its perpendicular 
afcent; and Wis the perpendicular defcent of WH. The figures 


Arwt and AEDv are fimilar, as alfo the triangles AEB, DvB. | 


Whence #7: 4r:: Du: AE:: DB: AB:: (by this Prop.) 
air’. 


Cor. 5. And therefore if any two bodies be in equilibrio upon two 


inclined planes; their perpendicular velocities will be reciprocally as 
their quantities of matter. : si a 


PROP, 
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The {pace which a body ( defcending from reft) defcribes upon an in- 
clined plane, is to the [pace which a body falling perpendicularly, 
defcribes in the fame time » ; a5 the hight of the plane CB, to its 
length AC. | 


The force wherewith a body endeavours to defcend upon an — 
inclined plane, is equal to the power that fuftains it; and (by: — 
Prop. 31.) that power is to the weight of the body as CB to CZ. 
Therefore the body is urged upon the plane, by an uniformly 


accelerating force, which is to the force of gravity as CB to CZ. 


But (by Prop. 5.) the motion generated in the fame time, and 


‘in the fame body, is as the force, that is (fince the body is given) 


the velocity is as the force. And (by Prop. 3.) the fpaces. 
uniformly defcribed with the laft velocities will be as thefe velo- 
cities ; and (by Cor. 1. Prop. 6.) thefe fpaces are double the 
fpaces decribed by the accelerating forces. Therefore the {paces 
defcribed on the plane and in the "perpendicular, are as the lait 
velocities, or as the forces, that is as CB to CZ, 


Cor. 1. Hence if BD be let fall perpendicular to AC; then in 
the time a body falls through the bight CB ; another body, dejfcend- 
ing along the inclined plane, will run through the space CD. 

For thefe {paces are as C4 to CB, that is, as oF to CD, by 
fimilar triangles. ‘ 


Cor. 2. The velocity acquired upon an inckned plane, is to the 
velocity acquired in the fame time, by fee halite! as CB 


to CA, or as CD to CB. 


Cer. 3: The Space defcribed by a body falling down any y aiihne in 
a given time, is as the fine of the plane’s elevation. 


For if CB be given, CDi is as the fine of CBD or CAB. © 


Cor.’4. The fpaces defcribed by a body defending. on any given 
PA are as the Jquares di the times. : 


PROP. 
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Sea. IV. on INCLINED PLANES. 
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“The time of a body's defcending through the plane CD, is to the 
time of falling through the perpendicular hight CE; as the length 
of the plane DC, to the bight CE. | 


For DE, AB being perpendicular to CB, and BD to AC. 
The time of defcending through CD or the perpendicular CB : 


time of defcending through CE : : (by Prop. 14.) \/CB :4/CE:: 


CD: CE. 


Cor. If the body be made to move back again with the velocity 
acquired tn defcending, tt will afcend to the fame hight on the plane, 
and in the fame time. | 

._ For it will be uniformly retarded in afcending ; and in all 
‘points will have the fame velocity in afcending as defcending. 


SCHOL. 


Since the force by which bodies defcend down an inclined 
plane, is a uniformly accelerative force ; therefore whatever is 
demonftrated of falling bodies in Seét.. II. holds equally true, 
in regard to the motion of bodies upon an inclined plane ; fub- 
{tituting the relative weight upon the plane, inftead of the ab- 
 folute weight of the body. 
Hence therefore a body projeéted on an inclined plane, will 
defcribe a parabola. And if the velocity of projection upon 
the plane, be to the velocity of a projeétile in the air; as the 
relative gravity on the plane, to the abfolute gravity. And 
both projected at the fame obliquity ; the fame parabola will 

be defcribed in both cafes. cn 


P R.OvP.s XXXVI. 


A. body. acquires the fame velocity in defcending down an inclined. 


plane CD, as by falling perpendicularly through the hight of that 
plane CE. | iz 


For draw DB perpendicular to CD, and the bodies will defcend 
through CD, CB in the fame time; then (by Cor. 2. Prop..34.) 


velocity 
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ric. ‘velocity in D: velocity in B:: CE: CD, and (Cor. 1. Prop. 
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14.) velocity in B: velocity in#: : CB’: /CE:: CD. CE. 
Therefore velocity in D : velocity in #: :CZ: CE, and there- 
fore the velocities in D and £ are equal. | 


Cor. 1. A body acquires the fame velocity in falling Srom any 
bight, whether it falls perpendicularly, or down an inclined plane 
of equal bight. ; 


Cor. 2. Hence the velocities acquired by heavy bodies falling from 
the fame hight, to the fame horizontal right line, on any planes 
whatever, are equal among themfelves. | ; 


Cor. 3. If the velocities be equal at any two equal altitudes D, E ; 
they will be equal at any other two equal altitudes A, B: And ac- 
quire equal increafes of velocity, in pafing through EB, DA of equat 
hig hts. Pe 


Cor. 4. The velocitics acquired by defcending down any planes 
whatever, are as the fquare roots of the bights. . 


PROP. XXXVI. 


Tn a circle whofe diameter CB is perpendicular to the horizons a 


body will defcend through any cord CD or DB, in the fame time 
as it will defcend perpendicularly through the diameter CB. | 


For the angle at D is right, therefore (by Cor. 1. Prop. 34.) 
the time of defcending through €D will be equal to the time 
of defcending perpendicularly through CB. Draw CE parallel 
to DB, then will CZ be equal to DB; anda body will defcend 


through the cords CZ, DB in the fame time. But the time of 
defcending through CE is the fame as falling through the dia- 


meter. ‘Therefore the time of defcending through any cord 
CD, DB, is the fame as falling through the diameter CB. 


Cor. 1. The times of defcending through all the cords of a circle, 


drawn from either point C or B, are equal among ibemfelves. 


oe. 2. The velocity acquired by defcending through any cora CD, 7 


or DB, is as the length of the cord. 


For 


: ba 


get. IV. on INCLINED PLANES, 

oo OF draw DF perpendicular to CB; then CD = \/CBXGCF, 
and DB rome /CBxBF and (by Prop. 36.) a body acquires 
the fame velocity in defcending through CD, as in falling through 
CF, but this (by Cor. 1. Prop. 14.) is as 4/CF, that is as CD. 

- Alfo a body acquires the fame velocity through DB as FB, and 
that is as4/BF, or as DB. 


Cor. 3. But a body will defcend fooner through the {mall arch of 
acircle, than through its cord TB. 

For if BG, 7G be two tangents; then the relative oravity 
at YZ in the arch and cord, will (by Cor. 1. Prop. 31.) be as 
the fines of the angles TGO, TBO, or as BT and TG, or BG, 
that is nearly as 2 to 1 when the arch is very {mall. And the 
accelerative force in the circle being double to that in the cord ; 
therefore the velocity, will be greater in the arch, and the time 


of defcription fhorter ; though their lengths are nearly the fame. 


PORTO SES RXV ITT, 


Sf a body defcends freely along any curve furface, and another body 
defcends from the fame bight in a perpendicular right line; their 
velocities will be equal at all equal altitudes. 


Let a body defcend from 4 towards C perpendicular to the 
horizon BC; and another defcend through the curve furface 
AKB. Divide AC into an infinite number of equal parts, at 
the points D, £, F, &c. to which draw lines parallel to BC, 


interfecting the curve in J, K, G, Gc. then the curve line 4KB . . 


will be divided into an infinite number of parts, JK, KG, Ge. 
which may be taken for right lines; or the curve furface into 
an infinite number of planes, joining at Z K, G, &c. 
‘Now if the velocities be fuppofed to be equal in any corre- 
_ fpondent. points as J and D, then (by Cor. 3. Prop. 36.) they 
will be equal in K and £, after the defcent through /K; and 
being equal in K and £, they will alfo be equal in G and Ff, 
after the defcent through KG, and fo on. . Therefore fince the 
motion begins in 4, they will acquire equal velocities in de- 
{cending through the firft plane, and likewife through the 2d, 
3d, ath, &@¢. And therefore the velocities will be equal in all 
correfpondent points J and D, K and FE, Gand F, &c. and at. 
‘B and C, ‘ : seine 
a Be H 2:. Cor. 


§2 
FIG. 


53+ 


| 54 


DESCENT or BODIES 


Cor. 1. Therefore if a body be fufpended by a firing, and by 
ofcillating defcribes any crue AB or if it is any way forced to 
move in any polifoed, and perfetily fmooth furface AB , whilf. ano- 
ther body afcends or defcends in a right line. Then if their veloci- 


ties be equal at any one equal altitude; they will be equal at all 


other equal altitudes. | 
For the fame thing is effected by the ftring of the pendulous 
body, as by the fmooth furface of a polifhed body. 


Cor. 2. Hence a body ofcillating in any curve line whatever, ac- 
quires the fame velocity in the curve , as if it had fallen perpendi- 


cularly from the fame hight. And therefore the velocity in amy point — 
of the curve, is as the fquare root of the hight defcended. 


Cor. 3. And a body after its defcent through any curve, will 


afcend to the fame hight ina fimilar and equal curve, or even in any 


curve whatever, And the velocities will be equal at all equal alti- 
tudes. And the afcent and defcent will be in the fame time, af the 
curves are the fame. | 

For the forces that generated the’ motion in defcending, will 
equally deftroy it in afcending, and therefore they will lofe equal 
velocities by afcending equal hights. And if the curves are 
fimilar and ‘equal, every particle of the curve will be defcribed 
with the fame velocity, and therefore in the fame time, whether 
afcending or defcending. 


Cor. 4. This Prop. is equally true, whether the curve AKB be 


in one plane perpendicular to the borizou, or in fevcral planes IK, 
KG, Sc. winding about in nature of a fpiral. 


PROP. XXXIX, 


The times of defcent through two fimilar parts of fimilar curves; are 
in the fubduplicate ratio of their lengths, ab, AB. 


Divide both curves into an equal number of infinitely {mall 


‘parts, fimilar to each other; and let dc, BC, be two of them, 
fimilarly pofited ; and draw 7d, RB, perpendicular to ab, AH. 


By Prop. HII. the fpace defcribed is as the time and velocity, 
and the time of defcribing any fpace, is as the {pace directly 
and velocity reciprocally... By Cor. 2. Prop. 38. the velocities 
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in d and B are as 4/7p and WRB, that is becaufe ard, ARB Fie. 
are fimilar,-as*,/ao and ,/4p. Therefore the time of de- 54. 


we ; ‘ant be BC 

b6n 5 C08 i Gefcribimg Gis. is ac 

rt - o time of defcribing ODT ass 
4 ta = | 

ay : gr 7 / ab ; AB : : Aad: AWAD, becaufe the 
curves are fimilarly divided. Whence, by compofition, the whole 
time of defcribing 2b : whole time of .defcribing 4B : : is in 
the fame given ratio of 4/ab : 4/AB, or \/ad: \/ AD. 


Cov. 1. Hence if two pendulums defcribe fimilar arches 5 the times 
of their vibrations, are as the {quare roots of their lengths. Or the 
lengths as the {quares of the times of vibration. 

For let 4d, HD, be the lengths of the pendulums; then be- 
caufe the figures are fimilar, itisad: A4D::hd: HD. ° © 


Cor. 2. If a pendulum vibrates in- a circle, the velocity in the 
loweft point, is as the cord of the arch it defcribed in defcending. 
_ For (by Cor. 2. Prop. 38.) it acquires the fame velocity in 
the arch as in the cord; and (by Cor. 2. Prop. 37.) the velo- 
city in the cord, is asthe cord. . 


Cor. 3. The lengths of pendulums vibrating in fimilar arches, are ~ 
reciprocally proportional to the {quares of the number of their vibra~ — 
tions, in a given time. 


ae, ae RO Pai Kah 


Uf a pendulum vibrates in a cycloid; the time of one vibration, is 55. 
io the time of a body’s failing perpendicularly through half the 
length of the pendulum, as the circumference of a circle to the 
diameter. ge 


Let 4Da be the cycloid, FD its axis, FGD the generating 
. circle. “Let the body defcend from H, and in vibrating defcribe 
the arch HDb. Divide HD into innumerable fmal! parts, and 
let Bb be one of them. Through H, B, 6, draw HMb, BL, 
bl, perpendicular to the axis FD. About the diameter AZD 
_defcribe the femi-circle MLD; and from its center 9, draw 
QL, alfo draw LP parallel to MD, and DE, DG, GE. 

| : The 
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The triangles. CDG, GDE are fimilar, and CDx DE—GD:: 
Alfo the triangles OLN and /LP are fimilar, and NL: P7.- : 
OL: Li, and2NL: Na:: MD: Li. - And fince by the na- 
ture of the cycloid, the tangent in B is parallel to’ the arch GD, 
therefore Gg is equal and parallel to Bd. . “ 

Now fuppofe a body to defcend from E through the inclined ° 
plane ED; fince this is a motion uniformly accelerated, there- 
fore (by Cor. 1. Prop. 6.) it. would, in the time of its fall, 


_defcribe 2ED, with the velocity acquired in D. And fince (by 


Cor. Prop. 3.) the times are as the {paces directly, and velo- 


cities reciprocally ; and (by Cor. 2. Prop, 38.) the velocities 


are as the iquare roots of the hights; therefore it will be, as 


time of defcribing ED : time in Ce :: 222 ._Ce_ 
ie aeons — VMD VMN 

2MD Baciced a . 

/ MD Or 2\/ MN * 2/MDxMN : Na , by fimilar 

triangles... : Nei. | 


Again, when the velocity is given, the time is as the {pace 
defcribed. Therefore it will be, as time in Ce: time in Bs : . 
Cc: BhorGg::CD:GD or /CDXDE::./CD:/DE: - 
/DN:/DM, by fimilar triangles. Therefore ex equo, time — 
in ED : time in BO: : 2/MDXMNXDN : Na/DM:: 


2\/MNxXDN or 2NL: Nn: : MD: Ll. Therefore, by com-- 


pofition it is, as time in ED: time in the arch MO: : MD: arch 
Mi. And as the time in ZED: whole time in HD :: MD: 
femi-circumference MLD. et i 

And fince the time of defcending through HD is equal to 
the time of afcending through Dé: and (by Prop. 37.) the time 
of defcending through ED is equal to the time in the diameter 


FD. And 2FD is = DV, the length of the pendulum (being 


the radius of curvature in D); therefore as the time of falling 
| E f ° a ° 

through half the length of the pendulum FD: time in HD/, — 

or time of one vibration : : diameter MD : circumference 2MMLD. 


Cor. 1. Hence ail vibrations great and fmall, are performed in 
ihe fame time. . For the defcent through HD is always the fame, 


wherever the point H is taken. 


Cor. 2. The time of defcent in HB, to the time of defcent in HD, 
is as the arch ML, to the femi-circumference MLD. 


Lor. 3. The velocity of the pendulum in any point Baas as 
V/ DH'—DB», °§ YHBXBDb. | | 
For © 


Set. IV. VIBRATION or PENDULUMES. ° ¢; 
For (by Cor. 1. Prop. 14.) the fquare of the velocity in B ri. 

is as ZN, that is as MD—ND, or cacao or DH—DB, 55° 

, becaufe DH = 2DE, and DB = 2GD, by the nature of the 
cycloid; and DF is given. | 


Cor. 4. If the length of the pendulum VD be made double the. 56. 
axis FD; and ARV, ar’, be two femi-cycloids equal to AHD, . 
and fo placed that the vertex (as D) be at A and a. Then the pen- 

—dulum VAL vibrating between the cycloidal cheeks ARV, arV; the 
point H will defcribe the cycliid AHDha; and the time of its 
vibration will be 3.1416 X time of falling through FD, balf the 
length’ of the pendulum. : 

All this follows from the nature of the cycloid. 


_ Cor. 5. Hence alfo it appears from experiments on pendulums, that 
at the furface of the earth, a heavy body will defcend througha . 
fpace of 10 v2 englifh feet nearly, in one fecond of time. } 
For it is found by obfervation upon clocks, that a pendu- 
lum 39, 13 inches long, vibrates once in a fecond; therefore 


2 = time of a body’s falling through FD or 39:73. inches. 


3.141 


4! : 2 
And confequently (by Prop. 14.) the fpace fallen through in 
1 fecond will be 3203 x 3.141 6 =193,096 inches = 16.0913, 


feet. Yet a pendulum vibrating freely will be fomething longer 
in Vibrating than a clock ; becaufe the palate wheel of the clock 
acting againft it, takes off fomething from its afcent, and makes 
it return fooner, or fhortens the time. 


Cor. 6. Hence alfo if pendulums of the fame quantity of matter, 
and unequal lengths, be acted on by different forces of gravity; their 
lengths will be as the forces of gravity, and the /quares of the 
times of vibration. — ) 3 | 
For the times of vibration are in a given ratio to the times 

of defcent through half the lengths of the pendulums. And 
(by Cor. 3. Prop. 5.) if the matter be given, the velocity ge- 
nerated in defcending bodies is as the force and time; and (by 
Prop. 6.) the fpace defcended is as the velocity and time, that 
is as the force and fquare of the time. ‘Therefore half the 
length of the pendulum, is as the force, and fquare of the 
time of defcending half its length ; whence the length is as the 
force and fquare, of the time of vibration. ) 
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Cor. 7. From the motion of pendulums it alfo follows, that in any 
one place, the quantity of matter in any body is proportional fo its 
weight. — . | | | 
- For it is certain from experience that pendulums of equal 
length, whatever quantities of matter ‘they contain, vibrate in 
the fame time. Therefore they will defcend through half the 
length of the pendulum in the fame time; and confequently 
would acquire equal velocities in the fame time. Therefore 
(by Prop. 5.) the velocity and time being given, the quantity 
of matter is as the force of gravity. 


Cor. 8. Hence it alfo follows, that there are vacuities or empty 
{paces in bodies. For fince (by Cor. 7.) the quantity of matter 


. is as the weight of the body; if it were true that there is an 


57. 


abfolute plenum, all bodies of the ‘fame bulk muft be of equal 
weight : which is contrary to all experience. | 


PRO PRs 


If a pendulum AT ofcillates in a circle TRQ, and in the mean 


time be atied on in the feveral points T, by a force tending per- 
pendicular to the horizon, which is to the uniform force.of gra- 
vity ; as the arch TR, is to the fine IN: The times of all 
vibrations will be equal, whether greater or leffer. 


For from any point J draw TZ perpendicular to the horizon, 
and 77 a tangent to the circle in T; and let AT exprefs the 
uniform. force of gravity, TZ the variable force at T; draw 
ZY perpendicular to JY. Then the force TZ will be refolved 


- into the two 77, YZ. Of which YZ, aéting in direction AT, 


does not at all change the motion of the body. But the force 
TY direétly accelerates its motion in the circle TR.. The tri- — 
angles ATN, ZTY are fimilar, and 7Z:T74:: 77%: TN; 
but (by fuppofition) TZ : TA: : arch TR : TN; therefore 
7Y =arch TR: that is, the force TY is as the arch to be de- 
{cribed TR. Therefore if AT, At, be let fall together from 
the points 7, ¢; the velocities generated in equal times, will 
be as the forces TY, fy; that is as the arches TR, ¢R, to be 
defcribed. But the parts defcribed at the beginning of the mo- 
tion, are as the velocities, that is as. the wholes to be defcribed — 

at 
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‘center of ofcillation, as will appear in the VI. Section. 
. ’ > I ; 
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at the beginning ; and therefore the parts which remain to be ¢ x g, 


defcribed, and the fubfequent accelerations proportional to thefe 
parts, are alfo as the wholes; fc. Therefore the velocities ge- 
nerated, and the parts defcribed. with thefe velocities, and the 


- parts to be defcribed, are always as the wholes, And therefore 
‘the parts to be defcribed, being every where as the velocities 


they are deferibed with, will be defctibed in equal. times and 
vanifh together : that is, the two bodies ofcillating will arrive 
at the perpendicular 4R together... 


. A ‘ * t ¢ ae 4 i f 
Cor. 1. Lence, that.the vibrations ina. circle may be-tfocronal ; 


the. he TZ. muft be = * x eravity. © 


Cor. 2. Hence if a pendulum vibrates by the force of gravity 
only ; the times of vibration, in very fmall, different arches, will 
be very nearly. equal, tobe tok! 4d. of 23 ane 

For in imall arches the ratio of the arch to the fine is nearly 

a ratio of equality. 


Cor. 3. But. the time of vibration in larger arches, is freater 
than the time in leffer arches of a circle. | 

For the gravity at f being lefs than the ifocronal force ; the 
body will be longer in defcribing that arch. 


Cor. 4. Hence alfe of a pendulum vibrates in the mall arch of a 
circle ; the time of one vibration is to the time of a-body’s falling 


_ through twice the length of the pendulum ; as half the circumference 


s 


of a circle to the diameter. ) | 
_ For AR is theradius of curyature'of a cycloid, whofe axis 
isz 4R. ‘Therefore the circle and cycloid coincide at R, and 
the fmall arches of both «will be defcribed in the fame time ; 
that is as exprefied by Prop, 40. only here we take twice the 


length of the pendulum and half the circumference, which comes 


* 


to the fame thing, by Cor. 1. Prop. 39. 
S.CHOL. 


In thefe propofitions, the vibrating body is fuppofed to be 
very fmall, and is therefore confidered only as a point. But if 
it be of any determinate bignefs, the point to which the length 
of the pendulum is meafured, is not in the middle or center of 
gravity of the body; but in another place, and is called the 
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a large arch of a circle than in a fmall one. And it may be 
computed, that if a pendulum vibrates feconds in an extremely 
(mall arch; and C be the length in inches, of the cord of any 
arch 4; then 32CC will be the feconds loft in 24 hours by 


vibrating in the arch 2/. } 
And if a pendulum vibrates feconds in an arch 2a, and ¢ be 


the cord of a, or.of half the whole arch. Then 3% x CC—cc 
will be the feconds loft in 24 hours, by vibrating in the arch, 
the cord of whofe half is C. 

Alfo if the bob-of fuch a pendulum can be fcrewed up or 
down; and you put z= number of threads of the {crew con- 


tained in an arch, y = time in minutes that the clock gains or 
lofes in 24 hours. Then it follows by the theory of pendulums, 


that — zy will be the number of threads or revolutions of the 


7 ; 
nut, that the bob is to be let down or raifed up, to beat fe- 
conds. fps 8 7 


It has been proved, that a pendulum is longer in vibrating in 
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Of the center of gravity and its properties. 


PROP. XLII. 


If a line be drawn from the center of gravity of a body perpendi- 
cular to the horizon; if this perpendicular falls within the baje 
upon which the body refis, the body will ftand ; but if it falls 

without the bafe, it will fall down. | | 


Case I. 


Let C be the center of gravity, CD perpendicular to the ho- 
riaon, falling within the bafe BEFG; draw RC, and fuppofe 
the whole body fufpended at the point C; then (by def. 12.), 
the. body will be in equilibrio, and remain at reft upon DC. 
Now take away DC, and fuppofe the body to be fupported only 
upon the line RC, moveable about R; then (by ax. 8.) the 
body 4B, together with the line RC will endeavour to defcend 
from the pofition RC towards D. Alfo for the fame reafon 
the body and the line CS will endeavour to defcend from the 
pofition CS towards D; but as thefe two motions oppofe one 
another, the body will be fuftained by the points R, §, and 
therefore it will ftand without falling, And the fame is true 
of every two oppofite points R, 5S. 


CeAvsce IT. 
But if CD fall without the bafe; then the line RC and the 


body at C will endeavour to defcend towards D ; alfo the body. 


€ and line CS will endeavour to defcend towards D likewife ; 
and as this motion does not oppofe the other, there will be 


nothing to fupport the body ; therefore it muft neceffarily fall. 


. towards D, 


I 2 | Cor. 
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Cor. 1. Hence tt follows that if the center of gravity of a body 
be fupported, the whole body is Jupported. And the center of gravity 
of the body mujft be efteemed the place of the bedy. And if it be 
fujiained by any leaver or beam, its place is at the point where the 
beam is cut by a line drawn Srom the center of gravity perpendicular 
to tbe bOviZon. 


Cor. 2. All the gravity of a ie, or the lot it ondecte 
to defcend with, is colletied into the center of gravity: and there- 
fore whatever ‘fuftains the center of gravity, fufiains the whole’ 
weight. And the defcent of a body amusfe be eflimated “ the defcent 
of its center of gr avity. 


Cor. ee Hence alfo the larger the bale i is, ‘apon which a body 
fiands, and the further within it the center of gravity lies, the 
firmer the body will fiand, and the more difficult to be removed. 
On the contrary, the lefs the bafe, or the lefs the center of gravity 


~ falls within it, fo much the 2 eaficr or it is to be moved out of its Bae 


Cor. 4. If a body be wid upon a plane GF, and one end F gra- 
dually raifed up, the body will fide down the ‘pont if the perpen- 
dicular CD fall within the bafe s but a it dos ioe at will 


rowl down. 


“PRO Bs XL. ; nf 


| T. be common center of gravity C: of two bothies A, By is in ie 


right line joining their centers ‘of gravity , and ibe diftance of 
either body from the common center wuld Srantiy is had deat as 
the quantity of matter in it. 


Let 4 B be the centers of gravity of 4 and B, and fuppofe 
AB to be an inflexible right line, or leaver ; and C the fulcrum. : 
Then if C be the center t en gravity of ‘the bodies 4, B; thefe 
bodies (by def. 12.) will be in’ ee) And | Dai os 


apy Cor. 4. Prop. 19.) AC’: cal > Bi A. 


Cor. 1. If there be never fo many Bula ; ie common center af 
gravity of them all, is in the right line drawn from the center of 


| gravity of any one, to the center of gravity of all the reft : ana it 


divides 


% 
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divides this line into two parts, reciprocally-as that body to the fum 8 1 G. 

of all the veft of thé bodies. RRQ Ns vane ghynst 61. 

© For let D be another body ; andelet B and 4 be placedin ~~ 
C; then will C: Ds: DE: CE. And oon for more bodies. 


; Cor. 2. bf feveral bodies 4, B, D, E, Fy bein equilibria upon 62, 
a freight leaver AF’, then the fulcrum C is, at the common center 
of gravity of all the bodies. | | 


fe INO) ey 


If there be feveral bodies, A, B, D, E,. Fs and if any plane PO - 63. 
be drawn perpendicular to the horizon; the fum of the produéts 

of each body multiply’d by its difiance from that plane, if they * 
are all on one fide, or their difference, if on different fides s is 
equal to the Jum of all the bodies multiply’d by the diftance of their. . 
common center of gravity from that plane. 4 | 


Draw lines perpendicular and parallel to the plane PQ as in - 
the fig. and let C be the center of gravity. Then (by-Cor. 3. 
“Prop. 19.) the force of all the bodies’ to move the plane PQ 

about. R, will be mxD-+-0oExE-+rF x F— AxA— BlxB. 
That is dC-+RCXD+eC+ RCKE + RC—/CxF—aCl—RCxA— 
bC—RCXB, -or dCxD-+eCKE—fCxF—aCxA—bGxBasRCx - 
D+E+++A+B. But becaufe C is the center of gravity of 
the bodies, therefore (by Prop. 20.) d€xD+-eCxE=fCxF+ — 
aCxXA+bCxXB ; therefore we have wDxD+-0EXE+rFxF— 


anne 


Akx A—BIXB=RCXA+B+D+E4-F. 


Cor. 1. This Prop. is equally true for any plane whatever. For 
fuppofe the plane and the bodies to be put into any oblique 
-pofition, all the diitances will remain the fame as before:fi< ii 


. Cor. 2. If any, plane be drawn through the common center of 
gravity C, of any number of bodies A,B, D, ec. and each body be 
multiply d by the diftance of its center of gravity, from that plane ; 
the fum of the produits on each fide are equal: AxaC+-BX0C+- 
FrfC=DxdC + ExeC. ori gaak Sasa 

For the diftance of a body mutt be eftimated ‘by the diftance 
of tS Remien aheravity: oso aS Ri. 


Cor. 
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Cor. 3: Hence alfo, the fum (or difference) of the produéts of 
each particle of a body, multiply’d by its diftance from any plane 
whatever, is equal to the whole body multiply’d by the diftance of 
its center of gravity from that plane. And if the plane pafs through 
the center of gravity , the fums of the products on each fide are 
equal. — | sige, 


Cor. 4. The fum of the forces of a fyftem of bodies is the very 
fame, as if all the bodies were collefted into their common center 
of gravity,+and exerted their feveral forces there. 

For the fum of all the forces are mDxD-+0ExE, €&c. or — 


RCXAYB+DIE+F. | : 


Cor. 5. And the fame ts true of any forces whatever, with regard 
to the center of gravity of thefe forces. And therefore if feveral 


forces a in parallel directions , the fum of all thefe forces will be 


equivalent to one ftngle force; and their common center of gravity, 


the place where it alis. 


| 80. 


7 64 


Cor. 6. If a circle be defcribed about the center of gravity G, 
of a fyftem of bodies A, B, C3 and any point S§ be taken at plea- 
fure in the circumference, then SA*XA+SB*xB+SC*xC,. is a 
given quantity. And the fame holds true for the furface of a {pbere, 
and the bodies not all in one plane. : | 


For draw SG, on which let fall the perpendiculars 4a, BD, 
Cc. Then (by Eucl. Il. 12, 13.) SA*xA+SB*xB+-SC*xC=— 
SG? GA +-28GXGax.A-+ SG*+-GB*—25GxGbXB +56" 4+-CC 


+258GxXGcxC. But (by Cor. 2.) Gax4—GbxB+GexC=0, 
and. all the reft are given quantities. 


PROP. XLV. 


If there be feveral forces in one plane, ating againft one another 
in the point C, whofe quantities and direttions are CA, CB, CD, 
CE, CF; and if they keep one another in equilibrio: I fay C is 

_the center of gravity of all the points A, B, C, D, E. And 
any one of them as EC being produced, will pafs through the 
center of gravity G of all the ref. | 


Since 
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Since all the forces are in equilibrio, the fum of the forces 


ating againft ZC will deftroy its effects, and act againit it in’ 


the fame line of direction. : 
~ Upon EC let fall the perpendiculars 4a, Bb; Dé, Ff. Then 
any force AC is divided into two 4a, aC. Now as the point 


C is in equilibrio, all the perpendicular forces 4a, Bd, on one © 


fide, are equal to all thofe Dd, Ff, on the other, by ax. 11. 
And if the body 1 be fuppofed to be fufpended at 4% B, D, 
££, F. Then fince daxi1-+ bbx1=Ddxi+Ffx1; the center 
of gravity of the bodies 4, B, C, D, (and alfo of all the bo- 
dies) is in the line EC. Again it follows from the equilibrium 
of the forces, that EC+aC=Co+Cd+Cf, by ax. 11. And 
therefore if the body 1 be fufpended at the points E, a, d, b, f; 
C is their center of gravity. ‘That is, C is the center of gravity 
Of H,4,..B,, Dy # : 


Cor. 1. If G be the center of gravity of A, B, D, F; then EC 
=CG»x number of poinis A, B, D, F. | 

For EC=Cb+-Cd+-C/—Ca=CGx4+B+D+F, or 4CG, by 
Prop. 44. ‘ 


Cor. 2. Sum of all the perpendiculars on one fide, 4a, B= 
fum Dd, Ff, on the other fide of EC. And the fum of their 
diftances CE, Ca, on one fide =fum Cd, Cd, Cf, on the other 
fide of C. ! | 


\ 
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If a body be atied on by feveral forces A, B, C, D, E, im the 
parallel direttions Aa, Bb, Sc. and kept in equilibrio ; and if 
any plane RN be drawn from any point R: The fum of the forces 
on each fide are equal, A+ D=B+C+E; and the fum of the 
produéts on each fide, are equal to the like fum of the produtis 

on the other fide, RaxA+RdxD=RbxB+ RexC—RexE ; 
and the contrary: Where any produét lying the contrary way 
From R; mujt be taken negative. 


For fuppofe RN to be the plane, acted on by thefe forces ; 
then (by Cor. 5. Prop. 44) ‘the effect of the forces 4 and D 
acting at a and d, is the fame as if they both aéted at O, their 

| center 
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center of gravity. And the effect of B, C, E, a@ing at 4, c; e, 
is the fame asif they all acted at their center of gravity ; which, 
becaufe the body is unmoved, is the fame point O. And there- 
fore, becaufe of the equilibrium; 4+D=34+C-+E£,-for the 
quantity of force. ot a ROR tiles 
In refpect to their places, becaufe.O!is the. center of gtavity 
of A and D, as well as of B, C, and £; therefore (by Prop. 44.) 


RaxA+Rd xD = ROx4A+VD= ROX6+C+E=RIXB + RexC - 


—RexZ. And on the contrary, if thefe: forces be equal, the 
body will be in equilibrio, by aX. Q. | 


Cor. 1. If a body FGIH be at reft whilf it is afed upon by 
feveral forces, in the fame plane, whofe quantities and direftions are 
p4; qB, 1C, sD, th, entring any line RN drawn in the body at 
P, % Se. and the perpendiculars Aa, Bb, &Fc. are drawn; then I 
fay, 1. The Jum of the perpendicular forces on each fide are equal, 
Aa+Dd=Bb+Cc+ Ee. 2..The fums of the contrary forces in di- 
rection of the-line RN are equal, pa--qb=re+-sd+te, 3. The 
fum of the retiangles on each fide, from any point Ry are equal, 
RpxAa+RsxDd=RqxBb+RrxCco+RixEe. But where the 
points lie the contrary way from R,. the rectangles muft be negative. 
And when all thefe are equal, thé body is. at reff. 

For fince it is the fame thing whether any force 4 aét, at 4 
at For at p, we will fuppofe it toaét at p; then if the oblique 
force pd be divided into the two pz, a4; and the fame for the 
reft: then the fum of all the forces pa muft be equal to the 


fum of all the contrary forces cr, by ax. 11. The reft follows 


from this Prop. ° | 

Cor. 2. And if arbody be kept in equilibrio by feveral forces acting 
at different points, and in different direéfions, either in the fampe 
plane, or in different planes 5 it will ftill be in equilibrio, by the 


fame forces, ating from any one point, and in direéftions refpectively 


parallel to the former. , ‘jor 
For in the fame plane the forces parallel and perpendicular 


to RN, will remain the fame’as before. And when the direc-. 


tions of any of the forces are out of this plane, all thefe ex- 


_ travagant or extraneous forces may be reduced to others, one 
_part acting in the plane, the other perpendicular to.it; and both 
“thefe remain the fame in: quantity as before. And fince the ~ 


forces acting in the plane, kept one another in equilibrio at firft, 
they will do the fame ftill.. And as .the parts perpendicular to 
this plane, alfo kept one another in. equilibrio. at firtt, they will 
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do the fame when apply'd to their common center of gravity; Fic. 


or to any other point. 


Cor. 3. If feveral forces atiing after any manner keep a body un- 
moved; and any plane whatever be drawn, and the vagrant forces 
be all reduced to that plane, then all the perpendicular forces on one 
fide, are equal to thofe on the other 5 and their centers of gravity fall 
in the fame point. When this does not happen in all planes, the body 
will be moved fome way or other. 


PROP. XLVIL 
To find the center of gravity of a Sytem of bodies, A, B, C. 


Draw any plane ST, and from the centers of gravity of all the 
bodies, draw perpendiculars to this plane, 42, Bb, Cc; then (by 
Cor. 3. Prop. tg.) the forces of 4, B, C, at the diftances 4a, 
Bo, Cc, from the plane, will be 4x4e, BxBb, CxCc. LetG 
be the center of gravity, then the fum of the forces 4x4a+Bx 


Bb+-CxCc muft be = 4+B-+CxGzg, the power of all the bodies 


67. 


_ fituated in G (by Prop. 44.) whence the diftance of the center of | 


Max A+ BoxB+CxC, 
| | A+B+C ° 
where if any of the bodies be fituate on the other’ fide of the 
plane, the correfpondent rectangles wili be negative. 

_And if the diftance be in like manner found from the plane 


gravity from the plane, that is Gg = 


ZV, and likewife from another plane perpendicular to ST, TV ; 


the point G will be determined. 


Cor. 1. Let b be any bodys p any particle in it, dits diftance from 


@ given plane, then the diftance of sis center of gravity from that 
plane is = see ' | | 

Cor. 2. To find the center of gravity of an irregular plane Jjigure. 
Sufpend it by the fring AEB, at E , and draw the plumb line ECF. 
Then fufpend it by another point of the firing as D, and draw ano- 
ther plumb line thro? E, to interfect CF ; and the point of inter {ection 


as tbe center of gravity. 


Ks Cor, 
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Cor. 3.06 find eg center Of f gravity ”: a flexible tithe lay it up- . 
on a board whofe center of gravity 1s known, lay the center of gra- 


vily of the board upon the edge of a prifm, and lay the body upon 


it, and remove it back or forwards, till tt be in n egistibrio upon td 
board. ) 


SCHOL, 


a 
The centers of gravity of feveral planes and folids have been 


- determined to be as follows. 


1. If two lines be drawn from two angles of a triangle, to che 
middle of the oppofite fides; the point of interfection is the cen- 


ter of gravity. Therefore the diftance of the center of gravity 


from the vertex, is 3 the line bifecting the oppofite fide. 
2. In a Trapezium ABCD, the center of gravity is found by 
dividing it into triangles. Find £, G, the centers of gravity of 


the triangles ADB, CDB; and F, H, the centers of gravity of © 


ABC, ADC, Then draw FG (PS 6 interfect i in O, the cen- 
ter of gravity of the Trapezium. 


9. The center of gravity of a right line, hfelistopr dia cylinder, 


and pri/m, isin the middle. 


A. For the arch of a circle, as + « arch : fine of $ arch : : radius ¢ : 
diftance of its center of gravity from the center. 

5. For the feéfor of a circle, as arch: cord:: } radius : dif. 
tance of its center of eravity from the center. 


6. For the parabolic [pace, the diftance of the center of gra- 
vity from the vertex is 3 the axis. 


7. In the cone and ppramid, the diftance of thse center of gra 


vity from the vertex is 3 the axis. 


8. Ina paraboloid, the diftance of the center of eravity from. 
the vertex is 3 the axis. 


g. For the Jegment of a fpbere, letr = captive = hight of 


the fegment; then the diftance of the center of gravity from the 


Sr—2x 
vertex 15S a VETO Ts 


On or 4x 


PROP. XLVI 4 
If two or more bodies move nitnaee in any given direttions , their 


_ common center of gravity will either be at reft, or move uniformly 
in a right line. 


: a : 2 Cafe ; 


ate 


Seat. V. CENTER or GRAVITY: 
i Cafe 1. Let one body ftand ftill, and the other rove directly 


to or from it in a right line. then fince the center of gravity di- 
vides the diftance, in a given ratio; and the diftance increafes 


uniformly, therefore that center moves uniformly. Now fup- 


pofethe other body likewife to move in the fame right line, and 
any quantity of {pace to move along with it; then fince the body 
is relatively at reft in this fpace, the center of gravity, in regard 
to that fpace, moves uniformly ; to which adding or fubtracting 
the uniform motion of that fpace ; the center of gravity will ftill 
move uniformly. | shiledbat m 


Cafe 2. Letthe bodies move in one plane, in the directions 


And when one body is in D and £, let the other be in 4 and B 
refpectively. Let A be their center of gravity, when in D and 


A, and K when in E and B, and draw HK, and make BP=AD, 
and draw EP, and KL parallelto 4B. Then DE is to 4B or 


DP, in the given ratio of the motion of the bodies ; and fince the 
< EDP is given, therefore all the angles of the triangle EDP 
are given, and DP will be to PE in a given ratio. But 


by fimilar triangles PE is to PL in the given ratio of BE to BK, 


by the property of the center of gravity : therefore DP is to PL 


given, andthereforethe angle PDL. ‘Therefore the point Lis 
always in the line DL given in pofition. And by the nature of 
the center of gravity, D4: DH: : EB: EK:: PB or DA: LK. 
Therefore DH — LK, whence DHKL is a parallelogram, and 


HK parallel to DL, and therefore the angle BHK is given ; and 


the center of gravity K is always in the right line HK given by 


DLE are given; therefore the lines DP, DE, DL, that is, 75, 


DE, HK are in a given ratio; and confequently the point K 
‘moves uniformly along the right line HK. And the demonftra- 


tion is in the fame manner, if one of the bodies B moves-from 


£ towards 4. } 


Cafe 3. Let the quths of the bodies 4B, DE be in different 
“planes. Thro’ the path 4B draw a plane Bde parallel tothe 
path DE, and thro’ DE draw the plane DdeE perpendicular to 


Bde, produce AB to d, and let Dd, Ee be perpendicular to de. 
Then the planes Dd, EeB will be perpendicular -to the plane 
edB. Let one body be in 4and B, when the other is in D and 
E trefpectively,. Now if the body at D were to move in de, Osp 

| | Bey y 


4 


40. - 


DE, AB. Produce their lines of direction till they meet in D.— 


ina given ratio. And all the angles in the triangle DPL are — 


-pofition. And becaufe all the angles of the triangles DPL, and _ 
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r 1c, by Cafe 2d, the center of gravity would move uniformly along 


71. 


fome right line HK; thro’ HK erect the plane HKkb perpendicu- 
lar to HBK. ‘Then by fimilar triangles, and the nature of the 
center of gravity, 4b: bD::(AH: Hd:: BK: Ke::) Bk: kE. 


-Therefore bk is the path of the center of gravity of the bodies 


moving in 42, DE. Likewife Dd: Hh:: Ad: AH:: Be: BK 
:: cE or Dd: Kk; therefore Hb = Kk, and kk is equal and pa- 
rallel to HK; therefore the center of gravity of the bodies (mo- 


ving in 4B, DE) moves uniformly thro’ the right line bé. 


Cafe 4. The common center of gravity of two bodies, and a_ 
third is either at reft, or moves uniformly in a right line; for 
thefe two may be put into the place of their center of gravity, 


_ which before moved uniformly ; and then the center of gravity 


of the three will move uniformly. Likewife the common center 
of gravity of three bodies and a fourth, will move uniformly in 
a right line ; and fo on. 


PROP... XLIX. 


The common center of gravity of two or more bodies, does not change 
its fiate of motion or reft, by any attions of the bodies among 
themfelves, or by any forces they exert upon one another. 


Suppofe any fpace in which the bodies are inclofed, to move 
uniformly along with the center of gravity of the bodies, be- 
fore the actions of the bodies upon one another ; then the. cen- 
ter of gravity is at reft in that fpace.. Now if two. bodies mu- 
tually act upon one another, fince their diftances from their cen- 
ter of gravity are reciprocally as the bodies; and as a¢tion and . 
re-action are equal, the bodies will approach or recede from that 
center by fpaces which are in the fame ratio; therefore the cen- 
ter or gravity will ftill remain at reft. And in a fyftem of feveral 
bodies, becaufe the common center of gravity of any two act- 
ing mutually upon each other, is at reft : and the aétions of all 
the bodies being the fum of the aétions of every two, it is evi- | 
dent the center of gravity of all the bodies remains the fame, as 
if they did not act at all upon one another; and. therefore is 
at reft in this fpace, or moves uniformly forward along with it. 


Cor. 


Sea. V. CENTER or GRAVITY. 


"Cor. 1. Hence if a body be projetted into free fpaces if it bave 
any circular motion, this motion will be performed uniformly about 
an axis pafing through, tbe center of gravity. 

For if every particle of the body retained the diftiné&t motion 
firft impreffed on it ; the common center of gravity of the whole 


would move in aright line, by the laft Prop. And fince the. 


-cohefion of the parts of the body retains the particles in one 


mafs, therefore (by this Prop.) the motion of the center of | 
gravity is not altered. Which it would be if the axis of cir- 
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cular motion did not pafs through the center of gravity, but | 


through fome other point. 


Cor. 2. And if a body be hurled into the air, its center of gravity 
will either move in a right line, or defcribe a parabola, whilft that 
body revolves about an axis paffing through the center of gravity, 
if it have any circular motion. 


P: By OxPas 4) Be 


The fum of the motions of feveral bodies in any given. diretiion, is 


the fame as the motion of all the bodies in the fame direction, 
moved with the velocity of the common center of gravity. 
: 7 


Let the bodies 4, B, move round the center of gravity C at 
reft; to the places a, b; draw BCA, Ca. Then fince 4: 
B:: BC : AC: : bce: ac; therefore the triangles 4Ca, BC, 
are fimilar, and <( Bc=CAa, therefore. Bd is parallel to 4a, 
and the bodies move in contrary directions. Alfo fince da: 
Bb: : AC :CB::B: A, or AaxA=BbxB. Therefore the 
motions of 4, B, in contrary directions are equal, or their mo- 
tion the fame way is 0. Now let the fpace and bodies moving 
in it, be moved in any direction with any velocity v3; it is 
manifeft, the motion of each body in that direction will be 
greater than before, by the quantity of matter x velocity. 


Therefore the fum of the motions is now v4+vB or vxd+B, 
that, is equal to the fum of the bodies x velocity of the center of 
- gravity. | 


After the fame manner, the motion of 3 bodies is the fame as 
the motion of two of them, moved with the velocity of their 
common center of gravity, together with the motion of the 

Pac , third ; 
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third; that is (by what has been fhown) equal to the fun of - 


all the three, moved with the velocity of the center o gravity 
of all the three. And fo for more bodies. weit 


Co Ti be center of gravity of a bedy muft be taken for ibe place 


of the body. And the motion of any body, or of any fyftem of bodies, 
mut be eftimated by the motion of the center of gravity. = 


PROP. EL 


If two weighis on any machine keep one another in equilibrio , if 


they be any bow raifed or moved by help of the machine, the center — 


(of gravity of the weight and power, will always be in the fame 
horizontal right line. : . 


For in the leaver, the center of gravity is at the fulcrum, 


-and therefore it neither afcends nor defcends. In the wheel and 


axel, and in the pulley or any combination of pulleys, the 


weight and power approach or recede from each other, by fpaces ~ 
“which are reciprocally as the bodies ; and therefore their center 
of gravity is at reft. And upon any inclined plane, the per-. 


pendicular velocities of the power and weight (by Cor. 4. Prop. 
33-) are reciprocally as their quantities: and: the diftance of 


the center of gravity from each, being in the fame ratio, is alfo _ 


at reft. And univerfally in any combination of thefe, or any. 
machine whatever, where the equilibrium continues ; the afcent 
and defcent of the power and weight being reciprocally as their 
quantities ; the center of gravity neither afcends nor defcends. 


PR: QoPy Lil. 


If a beavy body AB be fufpended by two ropes AC, BD; a right 


line perpendicular to'the borizon, paffing through the inter fettion 
©, of the ropes, will alfo pafs through the center of gravity G, 
of the body. | 


- For continue the lines AC, BD to F; then it is the fame 


thing whether the lines that fuftain the body, a& at C and D, 
: or 


dicular to the horizon. 


sea. V. . CENTER or GRAVITY. 


or at F, in the fame directions ; fuppofe therefore that the body ri. 


AFB is fufpended at fF; then fince (by ax. 7.) the body will 
defcend as low as it can get; and (by Cor. Prop. 50.) the cen- 


ter of gravity muft be taken for the place of the body; there- 


fore the center of gravity G will be in the line PG perpendicular 
to the horizon. And it-is-the fame thing if 4C, BD, interfec 


in a point F below the body ; for the body cannot be fupported | 


except the center of. gravity G, be in the perpendicular GF. 


Cor. 1. Hence, if GN be drawn parallel to AC; the weight of 


| the body, the forces aéting at C, and D3 are refpectively as FG, 
GN, and FN; or as the fines of the angles AFB, GFB, and GFA. 


Cor. 2. The lines AC, DB and FG, are all in one plane perpen- 


- Cor. 3. If the center of gravity falls nat in the line FG, the 


; body will not reft till it fall in that line. 


PR OB GUL 


If any body whatever, ‘as BC, ‘or any beam loaded with a weight, 


‘be fupported by two planes AB, CD, at C and B; and from ibe 


points C, B, the lines CF, BF, be drawn perpendicular to thefe 
planes ; and from the interfettion F, the line FH be drawn per- 
pendicular to the horizon, it will pafs through the center of 
gravity G, of the body. . 


‘For fince the body is fuftained by the planes at B, C, and 


thefe planes re-aé& againft the body in the perpendicular direc- 
tionssBF, CF; therefore it is the fame thing as if the body 
was fuftained by the two ropes BF, CF’; and confequently (by 


Prop. laft) FH will’ pafs through G the center of gravity of — 


the whole weight. 


: Cor. 1. If EG be drawn parallel to CF , then the whole weight, 
“the preffure upon the planes CD, AB; are refpeétively as FG, EG. 


EF ; -and in thefe very direfions: or as the fines of the angles 
BFC, BFG, and CFG. sey " 


os) 


Cor. 


ay 
ai 


ae 
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Cor. 2. If the line FG drawn (from the interfellion of the per- 
pendiculars FC, FB) perpendicular to the horizon, does not pafs 


_ through the center of gravity 5 the body will not be fuftained, but | 


75 


will move till the center of gravity fall in that line. © 


Cor. 3. Hence if the pofition of one plane CD be given, and the 


“pofition of the body CB, and its center of gravity G. The pofition 


of the other plane AB may be found, by which the body will be — 
fupported: by drawing CF perpendicular toCD, and GF perpen- 
dicular to the horizon and from F drawing FB ; then BA perpen- 
dicular to it, is the other plane. LT ihe 


PRO Phy, 


If a heavy body HD, whofe center of gravity is G, be fuftained by 
three forces A, B, C, in one plane, aéting in direttions AH, BI, 
CD. Andif FGP be drawn perpendicular to the horizon, and 
CD produced to cut it in P, andif AH, BI produced, interfegt 

inO; then if OP be drawn; and if EP, OF, be drawn pa- 
yallel to AO, PC; then I fay the weight of the body, the three 
forces A, B, C, are refpectively as FP, EP, EO, OF. . 


_ Becaufe the line OP is unmoved ; the point O is fuftained by — 
three forces in directions OP, OA, OB; which therefore, are — 
as the lines OP, EP, OE. Alfo the point P is fuftained by 
three forces in the directions PO, PC, GP; which therefore, 
are as the lines OP, OF, FP: of which that in dire&tion FP 
is the weight of the body, at G the center of gravity. And the 
forces at O, and P, in directions OP, are equal and contrary. 


Cor. Hence if any other force inftead of the weight ad? at G, in 


_  direttion GP; then the forces at P, A, B, C, will be refpectively 
as FP, EP, EO, OF. 


SCHOL. 
If one of the forces be given; all-the reft may be found, if | 


they a@t two and two at different points O, P. But if five forces | 
a& in one plane, two of them mutft be given. By 


PROP. 


a 
‘ 
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‘Ef EBDF be any prifmatic Solid eveéied upon & plane AD ; and if 

'. wt be cut by any plane AGH. TI fay the Jurface, or folid GBDH, 

cut of by this plane, is re[pestively equal to the furface or folid 

_ EBDF, whofe altitude is CI, the line paling through the center 
Of gravity of the bafe, and parallel to the axis of the folid.. 


_ mechanically by weighing them. Suppofe the periphery, or the 
bafe, BD, to be divided into an infinite number of equal parts, 


‘thall not demonttrate this geometrically by meafuring, but - 


_ by planes perpendicular to the horizon, and parallel to the axis 


Of the folid, and to one another: And imagine 4D to bea 
leaver, and let each particle be placed on 4D where its plane 
cuts it. Then fince the force of any particle to move the leaver 
AD, is as that particle multiply’d by its diftance from 4, (by 

_. Cor. 3. Prop. XIX.) Therefore the forces of the equal particles 

“at B, C, D, €%c. will be as AB, AC, AD, ec. and the fum 
of all, as the fum of thefe lines. And becaufe C is the center 
of gravity of all the particles. ‘Therefore the fum of all, 4B, 
AC, AD, &c. = fum of as many times AC’; that is, (becaufe 

the parts of the bafe are given) = ACx bale. But GB, IC, 
Toc. arenas ARS ACAD. <P Rerefors. all the "GB, “JC, 
HD, Sc. = whole bafe x IC. That is the whole furface or folid 
GEDH = whole furface or folid BEFD. : 


Cor. 1. If a line right or curve, or any plain figure whether. 


right-lined or curve-lined, revolve about an avis in the. plane of the. 
| Sgure, the furface or folid generated, is refpetiively equal to the 


equat to the arch defcribed by the center of gravity. } 

Let BDdb be the figure generated. On the bafe BCD erect 
the furface or folid BDFE, and let C be the center of gravity. 
Since the arches Bb, Cc, Dd, are as the radi, 4B, AC, AD, 
iat is as BG, CL. DH: ‘therefore if CI=Cc, then will all the 
lines BG, Cl, DH, €c. = all the arches Bb, Cc, Dd, €8c. that 
is, the furface or folid BDdb = BDHG, that is (by this Prop.) 

SRS : 


Cor. 2. Alfo if a curve revolves about any right line drawn 

through its center of gravity: the furfaces generated (either by a 

partial or total revolution) on oppofite fides of the line, will be equal, 
ie. ‘ i be : 2 ; E « 


wy our | REP OR 2 g 


BL arface or folid, cubofe baje’ is tbe line or Hgure given, and hight 
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For by Cor. 2, Prop. XLIV. each part of the curve multi- 


ply’d by the diftance of its center of gravity from this line, mutt 
be equal on both fides. And by Cor. 2. each furface generated, 
is equal to the curve multiply’d by the arch defcribed at that 
diftance ; and thefe arches (being fimilar) are as thefe diftances, 


“Whence each furface is as the curve multiply’d by the diftance 


of its center of gravity: and therefore they are equal. 


oo 


| eri. 
SB. Caflk ie Vs 
Of the centers of percuffion, ofcillation, and gy- 


ration. 


PUR: O«Ps. 3 *L Vi 
) | FIG. 
Let there be any fyftem of bodies A, B, C, confidered without weight, 78, 

and moveable about an axis paffing through S ; and if any force 
J tan generate the abfolute motion min a given time; if the fame 
force afi at P, perpendicular to PS; the motion generated in the 
fiftem, in the fame time, revolving about the axis at 8, will be 
AXSA+BxSB+Cx SC | 


Be Oe RAE CO ee 
AXSA:-BXSB* + Cxsc: 


£ 


__For fuppofe PS perpendicular to the axis at S, and to the line 
of direction PQ, And SA, SB, SC, perpendicular to the axis 
at §, And fuppofe the force f divided into the parts 9, q, r, act- 
ing feparately at P to move 4, B, C. Then (by Cor. 3. Prop. 
XIX.) the bodies 4, B, C will be acted on refpectively with 
BP SP) voSP 
the fe mp, eng, 
aed? SSB SC. 

Since the angular motion of the whole fy{tem is the fame ; 
the velocities of 4, B, C, are as SA, SB, SC; and their mo- 
tions as 4xS4, BxSB, CxSC; and thefe motions are as their 
generating forces pay SP ; SP rv. Whence P> Ws T> are as 
ity: BAO SBR SCy ilar Abana 
. ee 228, eee : put the fum of thefe = 5, and fince 

, AXSA* , fKAXSA® _ p. And - 


be fl Therefore s : fr: Sar : Se 
eS RASS _. force acting at 4. Then ses eae 


: s 


IxAXSA : MXAXSA = motion of 4. After the fame manner — 
eer | 


oe. Ras | = a) mXBXSB, 
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er G. mix BXSB mo 
ke ae 


' CENTER OF OSCILLATION, Se, 


are the motions. of BandC. Therefore the’. 


whole motion gnc in the Pas is AxSA-+ BXSB+CXSC 


5 


dui AXSA* + BXSB* + CXSC* 
50 = 
Cor. x. If you make Ax SA4BX SB+CX SC 


‘if all the bodies be placed i in O, the motion generated in the fyftem, 


will be the fame as before, as to the quantity of motion, or the fum 
of all the roe bhai motions. « But the angular velocity will “? 
different. 


For. the motion generated in thefe two vo cafes, will be 
AXSA+-BXSB+CxXSC d A+B+CxSsO “SP 


x eis, an 


Sn nt 


j Kol KM 5 
AXS A + BXSB?-+CxSC A+B+CxSO? > 


and: if thefe’ be fuppofed to be’ equal, there comes out SO = 
AXSA* + BxSB* +-CxSC* 
AXSA+BXSB+CXSC 


Cor. 2. The angular velocity apy any * tem A, B, C, ae in 
a given time, by any force f, aéting at P, perpendicular ta PS, is 
© AxSA EBXSB  +CxSC* 


For the angular velocity of the whole fyftem is the fame as 


- of one of the bodies 4. But the abfolute motion of 4is = 


pes is: and the abfolute velocity of 4 = 2X54, but the 
s 


cule velocity is as the abfolute velocity direétly, and the ra- 
dius or diftance reciprocally ; therefore the angular velocity of 4, 


and confequently of the whole fyftem, is as = or ae Bates, 


that is (becaufe mis as the force f 9 PETS f SP 


Ax SATE SBS. 


Cor. 3. ee Es will ie the fame angular velocity generated 
in the fyftem, and with the fame force, as there would be 
in a fingle body placed at P, and whofe quanty a matter: is 
AXSA* + BXSB? +-CXSC* . 

ae SP 

For let P = that Bee then (by Cor. 2.) fince f and SP are 
Pudi: ; the angular velocities of the fyftem and me fre a 


_ S29. .. Therefore sO= 


g 
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I yee: ; 
be to one another, aS TOP ABNOR Ge to PxsP Which 
being fuppofed equal, we fhall have P= i al ae le 3 8 

Cor. 4. The angular motion of any hyftem, generated by a uniform 
force, will be a motion uniformly accelerated. 


ae | PRO P. LVI. 
To find the. center of percuffion of a fyftem of bodies or the point, 


which friking an immoveable object, the fyftem fhall incline to 
neither fide, but refi as it were in equilibrio, 


Through the center of gravity G of the fyftem, draw a plane 
perpendicular to the axis of motion in 5. And if the bodies 
are not all fituated in that plane, draw lines perpendicular to it 
from the bodies, and let 4, B, C, be the places of thefe bodies. 
in the plane. Draw SGO, and let O be the center of percuffion. 
Draw 4f, Bg, Ch, perpendicular to SO, and Aad to SA, and 
make ad=SA, and draw ea perpendicular, and de parallel to 
SO, Then a4 will be the direction of 4’s motion, as it re- 
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volves about §. And the fyftem being ftopt at O, the body 4 


will urge the point @ forward, with a force proportional to its 
matter and velocity; that is as 4x54 or Axad. And the force 
wherewith 4 aéts at ain direCtion ea, is Axea or JxSf. And 


the force of 4 to: turn the fyftem about O, is ¢xSfxaO (by 


Core 30° Prop: XIX.) = AKsfxsO—Sa=Ax Sf x SO—AXS 2". 


- Likewife the forces of B and C.to turn the fyftem ‘about O, is 


as BxSgxSO—BxSB*, and CxShxSO—CxSC+. And fince the 


forces on the contrary fides of O deftroy one another; therefore. 
Ax Sf x SO—AxSA* +B x SgxSO—BXSB* + CxShXSO—CXSC* 
AXSA: + BXSB? +CxSC* Se aie 
a gee AXS EBXSE+CXSA SE 

tance of the center of percuffion, from the axis of motion. 


Where note, if any points f, g, 4, fall on the contrary fide of 


8; the correfpondent rectangles muft be negative, — 4x Sf, 
—BxSe, Se. to : 


Cor 
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Cor. 1. If G be the center of gravity of a fyftem of bodies 4, By 
C; the diftance of the center of percuffion from the axis of motion, 
that it, SO = ESA BSB ACSC: 

ee. SGxA+B+C &e hy 


For (by Prop. XLIV.) AxSf4- BxSg+CxSh=A+B+CxSG. 


Cor. 2. The diftance’of the center of percuffion from the center of 
is GO = C4XA+GBXB+GCXC re 
ye SGXA+B4+C . 
For AxX$A*+ BxSB* -+-Cx8C* = AXSG* +GA*—25GxGf-+Bx 
SG*+GB* +-2SGXGg-+CxSG* +CG?+258GxXGh, by Eucl. IL. 
12 and 13: But’ (by Cor. 2, Prop. XLIV.) —AxGf+ BxGg 
+CxGhb—o,; therefore 4x SA* + BXSB*+-CxXSC*=A+LBLC 
xSG* + AxG4’ + BxGB*+CxGC. Whence, (by Cor. 1.) SO 
SG7XA+B+C AxGA* + ByxGB*4+-CxGC 
SGXA+B+C SG XA+B+4C 


gravity G, 


Cor. 3. Hence SG X GO = the given quantity 
AXG A* +-BxGB* +CxGC 


ABC 3 and therefore GO is reciprocally as SG. 


~ For each of the bodies 4, B, C, and their diftances from G, 
are given. 


Cor. 4. Hence alfo, if SG be given, GO will be given alfo. And 
_ therefore if the plane of the motion remain the fame, in re[pec? to 
the bodies, and the diftance SG remains the Jame the diftance of O 


| from G will remain the fame alfa. 


Cor. 6. If OT be drawn perpendicular to SO, then OT. will be 
the locus of all the centers of percuffion. : 


For the direétion of O is in the line O7 ; and therefore it is 


_ the fame thing which point of the line OF {trikes an obftacle. 


PROP. 


fyftem by their weight, is xan 
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To find the center of ofcillation of a fyftem of bodies; or fuch a 
point, in which a body being placed, will vibrate in the fame 
time, and with the fame angular velocity as the whole body. 


Let the axis of motion be at $; perpendicular to which draw 
the plane in which the center of gravity G moves; draw SGO, 
and let O be the center of ofcillation ; draw the horizontal line 
Sr, and from the bodies 4, B, C, draw Aa, Bb, Cc, perpen- 
dicular to SO; and alfo 42, Bu, Cd, Gg, Or, perpendicular 
to Sr. 

Put s=AxSA*+ BxSB++CxSC*. Then (by Cor. 2. Prop. 


‘LVI.) the angular velocity which 4, B, C, generates in the 


—SexA SuxB on hitind che 
—Sex A+SnXB+SdXC, 
3 s 

Likewife the angular velocity which any particle p, fituated in 
Srxp Sr. 
Pes UO GT ui eee 
pxSO* SO 
s | i ‘ ane NTE 
3G a! <0) becaufe of the fmilar triangles SgG, SvO. But their 
vibrations, and every part of them, are performed alike; there- 
ore their angular velocities muft be every where equal ; that is 


whole angular velocity generated bythem allis 


O, generates in the fyftem, by its weight, is 


or 


eee BF Sex ea) bees ; whence by reduction SO 
M s | SGxSO 
— S. i, ne But. by Prop,’ XLIV.) 


~~ SG Sex A+SnxB +SaxC 
—SexA+-SuxB + SdxC=SgxA+B+C. Therefore the diftance 


of the center of ofcillation from the axis of motion, SO = 
4 NY — _ AXS A? 4+-BXSB*+CXS8C?&¢__ AXSA*+BXSB*+CXSC*&e 


apg ee oma ree 
Sex 4+-B+-C SGX A+B+C &%e AX S8atB X S6+CX Sc Se 
Where 4xSa, Bxsd, &c. mutt be negative, when a, 4, &Fc. lie 


8x. 


on the contrary fide of S. And fince all thefe quantities are | 


the fame at all elevations of the axis SO; therefore the point O 
is rightly found ; and the fyftem has fuch a point as is required. 
Likewife it appears by Cor. 1. of the laft Prop. that the center 
of ofcillation is the fame with the center of percuffion. 


Cor. 


80 
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Cor. 1. If p be any particle of a body, d its diftance from 8, 


the axis of motion, G, O, the centers of gravity and ofcillation. 
Then the diftance of the center of ofciilation of the body, from the 

Pion SO fum of all the pxdd + alae Ba 
ONG of WM hy - SGX body 


Cor. 2. If the bodies A, B,C, be large, and therefore the cen- 


_ ter of ofcillation of each, not in the center of gravity. Let d, e, f, 


be the ve[pedtive diftances of their centers of gravity, and p, 4, T, 


of their centers of ofcillation, from 8. Then will the diftance of 


the center of ofcillation from 8, the axis of motion, SO = 
dpA+eqB+frO dpa eqB+frC | | 

AxSa+ BxSb-+-CxSe "SGX A+B+C i - 
‘For let a, 2, ¢, be any particles in 4, B, C; and x, y, z, 

their diftances from $ refpectively. Then by this Prop. SO = 

fant 927 Trg 9) ETN 2 ne Ua Gig 

S86x4+B4C0 — aA i 7 
= dpd, and fum yyd = egB, and fum zzc=frC; and SGx 


ALB = SaXA+SOxXB+-ScxC. 


Cor. 3. To-find the center of ofcillation of an trregular body ; 


 fufpend it at the given point, and hang up a fimple pendulum of 


Juch a length, that making them both vibrate, they may keep time 


together. Then the length of this pendulum is equal to the diftance 


of the center of fufpenfion from the center of ‘ofcillation of the body. 
Cor. 4. What has been demonftrated in the laft Prop. and Cor. 


I, 2, 3, 4. for the center of percuffion, bolds equally true for the 


center of ofcillation. 


SCH OT: 


I fhall juft take notice, that if the diftance of the axis of 
fufpenfion from ‘the center of gravity SG, be made equal to 
J LAA GBXBIGOXC 

A+B+C } 


; the body will ofcillate in the 


_ leaft time poffible. | 


_In very {mall bodies, or any bodies ofcillating at a ereat 
diftance from the axis of motion, the center of ofcillation or 
percuffion is in or very neat the center of gravity. And the 
reafon why the center of ofcillation or percuffion is not always 
in the center of gravity; is becaufe the body in vibrating is 


~~ made - 


> ‘ .. = : 
= 7 P : x 
MA * — = ~ * s 
NT ee Ee ee ae 


= a2 eS 


a ae * ~— ee oe ‘Or oi 
ee ee — se. a oe Rs gO Sie oe * Ses, 0-Coda. iat ee he aa z 4.9 =. 
+ Seen ee oS a Se eee : Sp ae ‘ : 
a cme th a oa a a 5 oo ee Z 
ia wen S = { . 
; 24 ieee RE : 


ae 2 Wee 
a 4: * 


‘ will ERs 


Sed. VI. CEN TER or OSCILLATION, Ge. 8; 


made to turn about acenter. But if it be fo contrived as al- 
ways to move parallel to itfelf; without any Circular motion ; 
the centers of gravity, of ofcillation, and percuffion will be the 
fame. | 
The diftance of the centers of ofcillation and percuffion, from 
the axis of motion, as calculated by Cor. 1. is as follows. 
Where the axis of motion is at the vertex, and in the plane of 
the figure. ER 
1. Ina right line, parallelogram, and {mall cylinder, 3 the 
axis of the figure. | | 
_ 2. Ina triangle, 2 the axis. 
3. Ina plane of a circle, } the radius, 
4. In the parabola, + the axis, 
5. Pyramid and cone, ¢ axis, nearly. | 
6. Ina fphere, r=radius, d=diftance of the axis of ‘motion 
from its center. Then the diftance of the center of ofcillation 
2rr 


from the axis of motion, isd + =e 


PROP. LIX. 


To find the center of gyration of a fyftem of bodies 5 or fuch a point 


O, as that a given force, aéting at a certain place, will in the 
fame time, generate the fame angular velocity in the fyftem, about 
an axis SR; asif the whole fyftem was placed in O. 


. / is 
Draw the plane PQs perpendicular to the axis of rotation SR ; 


and let $4, SB, SC be the neareft diftances of the bodies 7, B, 


C from the axis SR; and let the force f a& at P, in direction 
PQ perpendicular to PS. Then (by Cor. 2. Prop. LVI.) the 


angular velocity generated in.the fyftem by the force f, will be 
as 


| SPxf . , 
AxSA + BXSB ACK? the fyftem placed in 0, it 
— AXSA + BxSB*+-CXSC and in the fyftem placed in i 


===; and if thefe velocities be made equal, 
Ae A+B+CxSO* | 
we: fhall have SO-— AXSA: +B XSB* + CXSC* ‘Whence the 
. A+B+C 


diftance of the center of gyration O from the axis of motion 
at §, that is SOm/ 


AX AS* +- BXSB* 4-CxSC> 
A+B+C 


we :? 
= AS 


: ar M Cor. 


7 


F?PoG 


Si. 


82. 
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83. Cor. 1. Let b= quantity of matter in. any body ABRCS, p any 


particle, d= ap, ts diftance from the axis of rotation SR: then etc 
the fquare of the diftance of the center of gyration, from the axis of hee 


motion, that is SO = fn 5 : 


82. Cor. 2. If any part of the fyftem be fuppofed to be placed in the- 
center of gyration of that particular part, the center of gyration 
of the whole fyftem will continue the fame as before. 

For by this Prop. the fame degree of force which moved this , 
part of the fyftem before, along with the reft; will move it — q 
now without any alteration. And therefore if each partofthe = = 
fyftem be collected into its proper center of gyration; the center 
of gyration of the whole will continue the fame. ay :. 
Cor. 3. If a circle be defcribed from G, the center of gravity of a 

- the fyftem, and the axis of. rotatcon be made to pafs through any 4 
point S in its periphery ; the diftance of the center of gyration from oe 
that point will always be the fame. ; 
For (by Cor. 6. Prop. XLIV.) the quantity 4xS4*-+4- BxSB* 4 
-+-+CxSC* will be given. ) , | * 

; 


Cor. 4. The diftance of the center of gyration from the axis of 
motion, is a mean proportional between the diftances of the centers’ 
~ of gravity and percuffion, from that axis. Bh Sth : 
It follows from this and the laft Prop. 


SO OIL 


It is the fame thing on whatever fide of the axis of rotation 
SR, the point O or center of gyration be taken, provided it be 
‘at its: proper djitance. | owe, ES AvE aan ey 

By a computation from Cor. 1. the diftance of the center of a 
gyration from the axis of rotation, in the following bodies 
will be, . | ee ae 
x. In aright line or {mall cylinder (revolving about the end) a 
SO = length x 4/3, "ihe ah eae Be a: d 

2. The plane of a cirele, or cylinder (revolving about the axigh oc a 
DO, radius 4/2. | Mea te. a 

3. The periphery of a circle (about the diameter) SO = radius | 


e 
‘ 

te 
be. 


4. The plane of a circle (about the diameter) SO = radius. fae 


‘ ate 
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4. The furface of a {phere (about the diameter) SO = radius 


X73: 
) 4 A globe (revolving about the diameter) SO = radius x ht, 
+. In a cone (about the axis) SO = radius x4/xs. 

If the periphery of a circle revolve about an axis in the center, 
perpendicular to its plane; it is the fame thing as if all the 
matter was collected into any one point in that periphery. 
And the plane of a circle of double the matter of this periphery, 


and the fame diameter, will in an equal time acquire the fame 


_ angular velocity. pe : 
__ If the matter of any gyrating body were actually to be placed 
.\ $n its center of gyration ; it ought either to be difpofed of in 


_ the circumference of a circle, whofe radius is SO, or elfe into: 


two points O, diametrically oppofite, equal and equi-diftant 

‘from §. For by this means the center of motion S, will be in 
_ the center of gravity. And the body will revolve without any 
- lateral force towards any fide.. | | 


a PROP. Lx. 
oe a if EF be any body at reft in free fpace, G its center of gravity, 
a i 


O, the motion generated in the body EF by the ftroke foall be 
fuch; that in the time that -the body makes one revolution about 
its center of gravity G, the center of gravity will move forward 
a fpace, equal to the circumference of a circle, whofe radius is SG. 


mar F ad ex a = . en 


=e en 


Sp a 


Let the body vibrate about the point S, and in a very {mali 
time, from the pofition SGO, come into the pofition Sgd. Now 
_ the arches Gg, Od, will be as the velocities of the points G, O, 
_ vibrating about §; therefore when it comes into the pofition 
_ §GO, if it were difengaged from the point §; the. center of 
_-gravity.G would {till move forward with the fame velocity Gg ; 
__. and the body, inftead of revolving about S$, would (by Cor. 1. 

_ Prop. XLIX.) revolve about G with the fame angular motion 
as before. Therefore if rGo be drawn parallel to Sgd, Gg will 


m4 


5 


And becaufe Oo, Gg are very {mall fimilar arches, therefore 


OP en Oe eg ee — ae 
an “ee = 7 Poe gens _— 
Ft SUT Ont y Se OO OS 
: re it 6 ge re 


in the time that O, or the body itfelf, makes one revolution 
: : SME 2 | about 


tt, Om, 
~ 


~ 


the points S, O, one the center of fufpenfion, the other of per-- 
— cuffion: and if a moving body B firike direéily againft the point 


reprefent the velocity of G, and Oo the velocity of O about G. 


“FIG, 


84. 


their circumferences will be defcribed in equal times; that is, 


84 
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r1c. about G; the point G will advance forward a fpace, equal to 


» $4. 


the point O, with the fame force; the fame motion will be 


the circumference of a circle, whofe radius is SG. 

Now this is the motion acquired by revolving about §. But © 
(by Prop. LVII.) if a body fo revolving, ftrikes an immove- 
able objet at O; both the progreffive and circular motion will 


be deftroyed ; and the body will be at reft. It is evident on 


the contrary, that if a moving body ftrike the body at.reft in 


reftored again: and is the fame as above defcribed. 


Cor. 1. At the beginning of the motion, aud alfo after every re~ 
volution of the body, when the line SGO comes into its original poft- 
tion, fo as to be perpendicular to the line of direttion OB ; the point. 
S will be at reft for a moment. i : 

For in this pofition, it will be (by this Prop.) as velocity of O 
about G : velocity of G:: OG: GS. And by compofition, vel. 
O about G +- vel. Gthat.is abfolute vel. O : abfolute vel. G:: 
OG + GS or OS :-GS. Therefore fince the abfolute velocities of 


‘O and G are dire@tly as their diftances from S$; it follows that. 
the point S is at reft. | 


Cor. 2. Let a body A= max body EF. And if V be the velo 
city which the body A would receive by the direéi ftroke of B: then I fay 


the abjoluie velocity of the body EF (or of its center of gravity G), 
which it receives by B impinging at O, will be aie 3 


For let p be any particle of the body EF, and Sp its dif- f 
tance from S. Then (by Cor. 3: Prop. LVI.) if a body =~ 
fum of all Sp*xp ae | fe 
Ee as . 
lar velocity, by the ftroke, about S at reft; as the body EF 
when ftruck in OQ. But (by Cor. 1. Prop. LVIEH.) fum Sp*xp 
=SOxSGx body EF’; whence the body eats aa Ad 
or 4, placed in O, receives the fame angular velocity about S, 
as the point O of the body EF. But vel. of O or 4: vel. G:: 


placed in O, it will receive the fame angu- 


SO: SG. For at the beginning of the motion, § is at refit, “by aaa 


Ors | 


Cor. 3. The velocity lof in B by the Stroke, will be Cy Ele x 
a ? body, Ete 
rie Bis ah ane ee ot NE Ok 


‘ P, 


: ‘: epics S and O are always in the horizontal line SCO, and the 
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For the fum of the motions of all the bodies, after the ftroke, 
is the fame as the motion of B beforeit, by Prop. X. | 


$C Fork, 


: 


The point § is by fome called the /pontaneous center of rotation; 
becaufe the body (or fyftem of bodies) at the beginning of the 


-. motion, moves as it were of its own accord, or without any 


compulfion, about the center 5 at reft. 


PR O'P) LX 


By it en a 


‘Let DE be any body, C its center of gravity ; and if from the center 


C, the circle BFS be defcribed, and if about BFS as an axis, 2 
cord ASBFS, be wound, and the endfixt at A. And if OLe the 
center of ofcillation, in re[pect to the center of fufpenfion 8. Then 


if the body defcend by a rotation round the axis BFS, by unwind- 
ing the cord ASBF, ‘Sc. then I fay the fpace defcended by the 


whirling body DE, is to the [pace defcended in the fame time, by 
@ body falling freely ; as SC to SO. 


the horizental line SCO. Then (by Prop. LVII.) the angular 
velocity of the body about the point of {ufpenfion S, at the be- 
ginning of the motion, will be the fame as if the whole body 
was placed in O. But if a body was placed in O, its velocity 
generated at the beginning, will be the fame as of a body fal- 


{mall arches Oo, Cc : then the velocity of O, is to the velocity of 
the center of gravity €, as Oo to Cc, or as SO to SC; that is, 


| ‘ the velocity generated by a body falling freely, is to the veloci- 


f the defcending body DE, as SO to SC. Now fince the 


radius SC is given, and likewife (by Cor. 4. Prop. LVII.) the 
diftance CO. Therefore the velocities of O and C in any times 
will always be as SO to SC: that is, the velocity of 2 body de- 
{cending freely, is to the velocity of the whirling body DE, al- 
ways in the ratio of SO to SC. And therefore (by Prop. VI.) 


% 


the fpaces defcribed are.in the fame ratio. 
Cor. 1. The weight of the body DE, is to the tenfion of the cord 


AS ; as SO’to CO. 
| | For 


Thro’ the point of contaét S and the center of gravity C, draw , 


FIG. 
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_ ling freely. Therefore drawing Sco infinitely near SCO, andthe - 


ii ® 
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For let the body be fupported at O; then fince C is the center 
of gravity, therefore (by Cor. Prop. L. and Cor. 5. Prop, XIX.) 


ahe weight DE is to the preffure at S, as SO to CO.. Now if 


the point @ be let go, the force ating at O will generate a mo- 


- tion about S, whilft the preffure at S, and confequently the ten+ 
fion of the cord, is neither increafed nor decreafed, but remains _ 


the fame as before. 


Cor. 2 Tf a circular body as BFS runs down an inclined plane, S30) 


whilf the thread ASB unfolds ; or tf a round body row] down an in- 
clined plane, and by its friction be hindered from fliding: The {pace 


it defcribes in any time, is to the {pace defcribed by a body fliding 


down freely without frittion ; as SC to SO. 


For the forces that generate their motions are both decreafed, 
in the fame ratio, that is as the abfolute gravity to the relative — 


gravity upon the plane; therefore the fpaces defcribed will re- 
main in the fame ratio of SC to SO. And in the rowling body, 


Cor. 3. This motion of the body DE by rotation, isa motion uni- 


formly accelerated. And the tenfion of the cord is always the fame | 


thro the whole defcent. 


SQ) wes 


ing, in the following bodies, as SBF, in the fametime are, _ 


1. In the circumference of a circle, SBF, or furface of a cy- ‘ 


linder, fpace = 2S; tenfionoftheftring > iM | 
2. In the circumference of a circle, SBF, without weight, 

and the weight be be in the centre C; fpace = 8, tenfion of the 

ltiring Sag ; ee ta ot aah 


3. In the plane of a circle SBF, or a cylinder ; fpace = 38, 


and the tenfion of the ftring 4S = 3 W. 


4. Inthe furface of a fphere SBF; fpace = 3 S, andthe ten- 


fion of the ftrine 45 = 3 W. . | | | 
5. Ina fphere SBF, {pace = 7 S$, and tenfion of the thread 


ome 
Teena 
{ 


SECe 


the friction fupplies the place of the cord, the fame as if it had 
teeth. | Ni | | it 


Let W = weight of a body, S = fpace defcribed by a body ae 
falling freely. Then the {paces defcribed by rotation or whirl- _ 


Fy gt-iK Pte ae bee b's be fas, 7 * os Ee 
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SECT. VIL 


The quantity and direttion of the preffure of beams 


of timber, by their weights ; and the forces ne- 
ceffary to fufiain them. 


POR, OP Tier, 


If a beam of timber, be fupported at C and B, lying upon the wall 
. ACE, with one end. And if G be the center of gravity of the 
whole weight fuftained : and the line FGH be drawn perpendicu- 
Tar to the horizon, and CF and BH toCB; and BF drawn; I 


—L®> : 
. The weight of the whole body) FH 
Re oh Preffure at the top C.{ BH 
_ Thruft or preffure at thebafeB ( FB, 
are refpetiively as and in thefe feveraldirections. 


~ Tf the beam fupport any weight, the beam and: weight muft 
. be confidered as one body, whofe center of gravity isG. - Then 
the End Cis fupported by the plane BEE ; and (by Cor. 3. Prop. 
_ LIII.) the other end B may be fuppofed to be fuftained by a plane 


4 perpendicular to BF; therefore (by Cor. 1. Prop. LIT.) the 


‘ 


‘weight and forces at C and B, are refpectively as FH, BH, 
end OF" a | 


Cor. 1. Produce FB towards Q, then BQ is the diretiion of the 
preffure at B.. And the preffures at B in direétions BQ, foe DE; 


areas FB, FD, DB. | 
: ~ Cor. 2. Draw Dr perpendicular to. BC, and draw CD: Then the 


weight, prefjure at the top, direct preffure at bottom, and horizontat 


preffure at bottom ; are refpettively as CB, BD, DC, and Dr. 
: a | For 


VE 2 OG 


87, 


88 PRESSURE or BEAMS. 


src, For fince the angles BCF, BDF are right; a circle defcri “hb 7 | 


87, upon the diameter BF, will pafs through C, D.. Therefore << 
BCD = BFD ftanding on the fame arch BD. And becaufe the 
< GBH and < sat D are right, BHF — CBD; therefore the 
triangles FHB and CBD are fimilar, and the figure BHDF &i- 
milar to the figure, DBrC, whence FH: BH: BF: BD: : are | 
as CB: BD: DC: and Dr. . ' 


Cor. 3. All this holds true for any force inftead of gravity, aéting 
in direction GD. : 


PROP. LXIIL 


38 If BC be any beam, bearing any weight, G the center of gravity of — 


the whole. And if it lean againft the perpendicular wall CA, and 
be fupported in that pofition, draw BA, CF parallel, and FG 


- 


perpendicular to the horizon; and draw FB, then ae 


The whole weight FD 
Preffure at the top C BD © 
Thruft or preffure at the bottom B( FB, 
are repetitively as = Sandin the fame direéfions. 


For the end C is fuftained by the plane AC; and if the end B : 


be fuppofed to be fuftained by a plane perpendicular to FR. 
Then (by Cor. 1. Prop. LIII.) the weight, and preffure at top, — 
and bottom ; are as DF, DB, FB. If you fuppofe the end B is 
not fuftained by a plane perpendicular to FB, the body won’t 
be fupported at all; by Cor. 2. Prop. LIII. | : | 


Cor. 1. If FB be produced to Q; then BQ is ibe direttion of the 
preffure at B. And the perpendicular preffure at B (FD) is equal 
to the weight ; and the horizontal preffure at B (BD), is equal to the 
preffure againft C. 


PROP. LXIV. 


89. fa heavy beam or one bearing a weight, be fuftained at C, and 
moveable about a point C; whilft the other end B lies upon the. 
wall BE. And if HGF be drawn thro’ the center of gravity G, 


per 
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. perpendicular to the herizon, and BF, CH Lerpendicular to Frc. 


_ BC; and CF be drawn: then } 89. 
The whole weight HF ) | 
» Preffure at0BYoo (HC 


Force atling at C, CF, 4 yn 
are refpectively as Sand in thefe direttions, 


For the end B is fuftained by the plane CB; and (by Cor. 2. 
Prop. LIIJ.) the end C may be fuppofed to be fuftained by a 
plane perpendicular to FC; or by a cord in direétion CF, Then 
fince-HC\is parallel:to BF’; the weight, force at C, preMire at 
B:; are relpectively as HF, CF, HC} by Cor. tr. Prop. LII. or 
— Corsi. Prop. LIII. o eer 


Cor. But if inftead of lying upon the inclined plane’at B; the end 
B laid upon the horizontal plane AB ; then the weight, the preffure 
at B and C, are refpettively as BC, GC, and BG ; and in this cafe 
there is no lateral preffure. vy 

For BF will be perpendicular to B4, and parallel to HF, and 
confequently CF is alfo parallel to HF, therefore (by Cor, 5. 
Prop. XIX.) the forces at C, G, B are as BG, BC, and CG. 


PROP. LXV. 


If @ heavy beam BC, whofe center of gravity is G, befupported up- 99. 

on two pofts BA, CD; and be moveable about the points, A, B, 

C, D. And if AB; DC produced, meet in any point H, of the 
__ kine GI, drawn perpen. to the horizon. And if from any poigt 

f, in the line GF, FE be drawn parallel to AB, I fay ~ 

Lhe whole weight ) HF | cee 

 Preffure at C 3 5 Po a 

. . Lhruft or preffure at B,( EF; er 02 

«are refpettivelyas and in thefe diredtions. | 

For the points 4, B, C, D-being in a plane perp. to the. hori- 
-zons the body’ may be: fuppofed to be fupported by two planes 
_ at B; C, perpend. to 4B, DC; or by two ropes BH, CH. And 
in. either cafe, the weight in direction HG, the preffure at B,C, 
in directions HB, HC, are as HF, EF, and HE... © 
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PRESSURE or BEAMS. 


Cor. Hence, whether a body be fuftained by two ropes BH, CH, 
or by two pofts AB, CD; or by iwo planes perp. to BA, CD: The 
body then can only be at refi, when the plumb line HGF paffes thro” 
G, the center of gravity of the whole weight fuftained. Or which is 
the fame thing, when AB, DC interfeét in the plumb line HGF 
‘paling thro’ the center of gravity. 


SCHOL. 


By the conftruction of thefe four laft propofitions, there: is 
formed the triangle of preffure, reprefenting the feveral forces. In 
which, the line of gravity (or plumb line paffing thro’ the center 
of gravity) always reprefents the abfolute weight ; and the other 
fides the correfponding preffures. 


PRO oPepiedsX VE. 


If feveral beams AB, BC, CD, ec. be joined together at B, C, D, 3 


EFc. and moveable about the points A, B, C, Sc. be placed in a 
vertical plane, the points A, F, being fixt, and thro’ B,C, D 
drawing ri, sm, tp perp. to the horizon. And if feveral weights 
be laid on the angles B, C, D, €&c. fa that the weight on any 
BCD ; 
SOB smd Then all the beams will be 
kept in equilibrio by thefe weights. | 


angle C may be as 


"Produce DC to r. Then (by Cor. 2: Prop. VIII.) S.<ABC: 


Sc ABr:: weight B: fre in Se =< ap a and 
S.BCD : S.DCs : : weight : force in direction CB = pai 3 


which, to preférve the equilibrium, muft ‘be equal to the force 
peediccas Btn . BXS:ABr _- CXS.DCs> _ | 

in direction ‘BC, that is “SABC ~~ S.BCD ° whence B:C 
_, SABC | §.BCD 


$480 26D lg a. the on way of reafoning, C: De : 
SPi ; We Therefore ex equo, weight B: weight D:: 
§.BCs S.ED MA Wb 

PREC! BEDE cis S.dBC). S.CDR 
S.ABrxS.BCs 8.DCsxS.EDt = S.ABixS.CB; " §.CDpxS.EDp 


, Cor. . 
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Cor. 1. ProduceCD, fo that Dw may be equal to Cr, and draw 
wx parallel to Dp, cutting DE in x. Then the weight C, the forces 
in direétions CB, and CD; are as 7B, CB and Cr refpectively. 
And weight C is to the weight D, as Br to wx. 


Cor. 2. The force or thruft at C im direction CB, or at Bin 


dire&tion BC; is as the fecant of the elevation of the line BC above — 


the horizon. : 

For, force in direction CB : force in direction CD: : CB : 
(Cr ::8.CrB or rCm or sCD: 8. rBC : : cof. elevation of CD: 
cof. elevation of CB: : fec. elevation of CB : fec. elevation CD; 
becaufe the fecants are reciprocally as the cofines. : 


Cor. 3. Draw Cp, Dm parallel to DE, CB ; then the weights 
on C and D to preferve the equilibrium, will be as Cm to Dp. 
And therefore if all the weights are given, and the pofition of two 
lines CD, DE; then the pofitions of all the ret CB, BA, Sc. will 
_ be. fucceffively found. Nai : 

For let the force in direction CD or DC be CD; then Cp is 
the force in direGtion DE; and Dm, in direction CB. And 
Dp or the weight D, is the force compounded of DC, Cp: 
and Cm or the weight C is the force compounded of CD, Dm; 
_ by Cor. 2. Prop. VII. | 


Cor. 4. If the weights lie not on the angles B, C, D, Se. let 
the places of their centers of gravity be at g, hb, k, 1. And let g, 
b, k, 1, alfo exprefs their weights. And take the weight B= 
D Ck lE 
ABe* BC Ro Cpt CD DE 
_ B,C, D, 8c. will be the weights lying upon the refpective angles. 
This is evident by Cor. 5. Prop. XIX. 


Cor. 5. If the weights were to act upwards, in the directions 
mC, pD, &c. or which is the fame thing, if the figure A, B, C, 
D, E, F was turned upfide down, and the weights remain the 
fame, and the points A, F be fixt, as before. All the angles at 
B, C, D, €8c. and confequently the whole figure, will remain the 
Jame as before: and that whether the lines AB, BC, CD, &e. be 

Hlewible or inflexible, cords or timbers. | 
This will eafily appear by the demonftration of the Prop. 
For the ratio of the forces at any angle C, will be the fame, 
whether they aét towards the point C, or from it ; by Prop. VIII. 
that is, it will be the fame thing whether the weight at any 
wei] _ angle 


1,€S¢. then 
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F 1c. angle C, acts in direction Cm or Cs. And as the forces were 

gi. fuppofed before to thruft againft C, the fame forces now do pull 
from it. © | | 


SCHOL. 


92. If DABF be a femi-circle, whofe diameter is DF. Draw. 
- AG perpendicular to DF. Then the force or weight at any. 


place 4, to preferve the equilibrium, will be reciprocally as 
AG, or direétly as the cube of the fecant of the arch BZ. 


7 Likewife it follows from Cor. 5. That if any cords of equal 


lengths be f{tretched to the fame degree of curvature, the ftretch-. 
ing forces will be as the weights of the cords. 
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The frrength of beams of timber in all pofitions ; 


and their firefs by any weights acting upon 
them, or by any forces apply d to them. 


PROP. LXVII. 


The lateral firengith of any piece of timber, in any place, whofe 


_ = 


fection is a retiangle , is directly as the breadth and fquare of the 
depth, . . kee ti 
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Let BD be any beam, placed horizontally, and fixt at. the. 


end BC. And let AFG be the perpendicular fection. Divide 
the depth 4F into an infinite number of equal parts at a, , ¢, d, 
fe. whofe number is 4F or #; through which, fuppofe lines 
drawn parallel to FG. And let any force be apply’d at P in 
direGtion DP, to break the beam at AF; then fince the ftrength 


of the timber is nothing but the force by which the parts of the 


timber at a, b, c, &Sc. cohere together: the breaking the tim-, 


ber is nothing but overcoming this force, and feparating the 
parts at a, 5, c. Suppofe 1= force of cohefion of any of the 
parts Aa, ab, bc, Fc. and imagine QAa, QAb, QAc, Ge. fo 


many bended leavers whofe fulcrum is at 4 And let us fee 


‘what will be the fum of all the forces apply’d at Q to break the 


timber at_4. Now (by Cor. 1. Prop. XIX.) the power apply’d 


at Q to equal or overcome the refiftances at 4, 4, b, «3°. 


it par 2 le Ab sey Ae A ep eit 4 , 
ee 19) AQ? AE AQ? AQ AD. 
that is, AS Wee F Asn * 2 DG sd 


Be. Mie ER at am A eye 
AQ,’ “AQ? AQ’ A 


A 4 Q. ; 
- ‘Therefore the effect of-all the, forces apply’d to Q, or the whole 


ftrength of the beam at A, will be pl AS or a af 


that is, becaufe 4Q is given, as au or AF*, Now if the brea 
° of 55 . ; Ae coe / ve <ey : 


er 
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y 1G. FG be increafed in any proportion ; it is evident the ftrength of 


93: 


93: 


every part 4a, ab, &c. will be increafed in the fame proportion ;° 
and therefore the abfolute lateral ftrength will be as 4F*xFG. 


Cor. 1. In fquare timber, the' lateral ftrength is as the cube of 
the breadth or depth. : 


Cor. 2. And in general, the lateral firength of any pieces of — 


timber, whofe fections are fimilar figures, are as the cubes of the 
— fimilar fides of the fettions. | : 


Cor. 3. And in any pieces of timber, whofe fettions are fuch fi- 
gures, that the correfpondeni ordinates, parallel to the horizon, are 
proportional , the flrengths are as the breadths and fquares of the 
depths , or as the fections multiplyd by the depths, 


Cor. 4. The firength of cylindrical pieces, or of any fimilar pieces 
of timber, being forced or twifted round the axis, will alfo be as. 
the cubes of the diameters. | 


For let 4D=r, circumference of the fection DEFG=c, 


= » and if the cohefion 


of a particle at p be = 1. Then the force apply’d at Q to over-_ 


Ap=x, then the circumference pgr= 


come it, will be <5 ; and the force apply’d at 2 to overcome 


the cohefion of all the parts, in the circumference pgr, will be - 
“ cx ¢ pe” . 
eat Cea SOF xxx; and the total force at 9 to over- 


come the cohefion of all the particles in the whole fection DEFG 


ae LM ae IE fi 3 ll h pani 2 ™ * it oe 
1S rxAQ* um oF all the xx - rxAQ*" +2*+3 Bt 
to r* = * a Sina: ies becaufe 49 is given, and 


- the ratio  ; and this force is the ftrength of the beam ; there- 
r 5 


fore the ftrength is as 7} or 4D3. 


a 


SCHOL. 


| ? 
What is here faid of timber, is true of any homo-geneous 


_ bodies whatever fort of matter they are of. But the abfolute | 


ftrength 
* Ward's Math. Guide, Part V. Lem, 3. 


set VIN T° OF? TIM BIE RO (gs 
ftrength of any beam, leaver, rope, €J¢. when drawn in direc- 1 6, 
tion of its length, will be as the fection of it. -For every part 3. 

does in this cafe bear an equal ftretch ; and the fum of all the 

parts is equal to the whole, and that is as the fection, 


4 
, 
{ 
; 


PROP. LXVIII 


The lateral firength of a tube or hollow cane AB, to that of a folid 
one CD; is as the fection of the tube (excluding the hollow), to 
the fection of the folid cane, and the whole diameter of the tube 
to the diameter of the folid cane, nearly. 3 


94. 


_ For by Cor. 2: of the laft Prop. The ftrength of the folid 
cylinder BF is AF’, and the ftrength of the inner folid cylinder, 

whofe fulcrum is at G, is EG, and whofe fulcrum is at Fy is 

greater than EG and lefs than EF’, and is nearly EG+iGH: 

— Yr—24E\3, that is 4F3—?AF*xAE nearly. . Therefore the 

ftreneth of the tube 4FIGE, is the difference of the ftrength of 

thefe cylinders, that is, 4F}—AP' +3AF:xAE or 2A4F*XxAE. 

Likewife the ftrength of the folid cylinder DCH, is CH. There- 

fore the ftrength of the tube FB : ftrength of the cylinder HD 

:: $4F°y% AE: CH. But the fection of the tube isas di*—HG* 


or AP—AF—2 AE =4AFXAE nearly. Whence, ftreneth of 
the tube FB : ftrength: of the cylinder HD’; : 24FXdE : 
- CHxCH? : : 4M4FXAEXItAF : CH*xCH : : {ection of the tube 
“rt its diameter : fection of the cylinder’ its diameter : : 
{ection tube x diameter : fection cylinder x diameter, nearly. 


Otherwife, 


Let the area of the ring 4EGF be difpofed into another 
ring, whofe diameter is lefs than AF then fince every particle 
of it aéts at a lefs diftance from the fulcrum F, its ftrength will 
- be lefS in proportion; that is, its ftrength will be as the diameter | 
_of the ring. And when the ring is fo far diminifhed as to 
become an entire circle, the proportion of their ftrength will 
not differ far from the proportion of their diameters. Let the 
diameter of that circle be R; then, ftrength of the ring or 
tube : ftrength of an equal circle: : 4F: R. And the ftrength 
of R : to that of CH: : R3 : CH. Therefore ex equo, ftrength 
of the tube BF : ftrength of the cylinder HD: : mene 
at : xCH 


&, 


- STRENGTH any STRESS : 
RxCH: : : AFXR*: CHXCH* : : AFX area ring : CHx area of 


. othe-circle GH. > i 30 


Cor. Hence the Strength of diferent tubes areas their feHions, 
and diameters nearly. | 


PRD PY GLNTy. 


Tf any force be apply d laterally to a leaver, or beam; the Prefs 
upon any place, 1s diretily as the force, and its diftance from that 
place. ' ove eS : 


_ For fuppofe PAF to be a bended leaver. It is evident the — 
greater the power at P, the greater force is apply’d at F to 
feparate the parts of the wood. . Alfo the greater ‘the diftance 
AP, the greater power has any given force apply’d at P, to 
overcome the cohefion of the wood at F. And therefore the 


_ whole ftrefs depends on both. - » 


96. 


Gor. 1. If two equal weights lie upon the middle of two beams, 
or upon any other fimilar places C; the firefs in thefe places, will 
be as the lengths of the beams. : LOT 

For if C be the middle point ; then 4 bears half the weight ; 


‘therefore the ftrefs at C is as ACXiweight.. And becaufe half — 


the weight, or the force aéting at 4 is given; therefore the — 


_ ftrels is as AC or half 4B, and therefore as 4B. . And if C be 
in any other fimilar fituation in both beams, the fame thing will 


follow. 

Cor.2. If two beams bear two weights proportional to their — 
lengths, and in a like fituation ; the ftre/s upon each will be as the 
Square of its length. ae > Fo pst | : 


Cor. 3. And if two beams bear two weights reciprocally as their 


\ bengths, in a fimilar fituation ; the ftrefs where the weights lie, is 


equal in both, . |: 


PROP. 
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Let AB be any beam of a given length; fupported at A and By, 
and any given weight either fufpended at any point C, or equally 
diffufed through the whole length of the beam AB + I Jay in either 
cafe, the fire/s of the beam in C, is as the retlangle ACXCB. 


(Cia ged 


Let the given weight be reprefented by the given length of 


the leaver 4B. Then (by Cor. «. Prop. XIX:) the weight at 


A, and the re-action equal thereto, will be CB. And by the 
laft Prop. the ftrefs at C will be as the force acting at 4 x dif- 
tance AC, that is ACxCB. ans ; 


Coassimov ils 


_ Let 4B be divided into an infinite number # of equal parts, 


each=1.. Then as .4B reprefents the whole weight, 1 will be: 


the weight fupported upon x part of the beam, let it reft at p ; 


then “P = its preffure on B. Therefore (by the laft Prop.) 


the ftrefs at p is ApXpB ; and the ftrefs at Cts era : arif- 


AB . 
ing from the weight at p, Confequently the ftrefs at C arifing 


from the fum of all the weights between 4 and C, will be 


O-I 4 : AG RC. that is,’ (becaufe AC is the number 


Oh them) BRS And by a like reafoning, the ftrefs at C, 


. 2A4B \ 
arifing from the whole weight between B and C, will ‘be 
so - Confequently the whole ftrefs at C is 
AC*XBC+-CB*xAC _ AC+CB PACKERS tl 
a. aap ee 


Cor. x. ‘The greateft refs of a beam is in the middle; the weight 
being either fufpended there, or equally difpofed over the whol length 
of ibe beam, - : | 


0. . | Cor. 
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Cor. 2. The fire/s of the beam at any point p> by a weight ap- 


plyd to any other point C is as ApXCB. 
For ACXCB is the ftrefs at C; and (by Prop. laft) 4pxCB 
will be the ftrefs at p. ii: ge o.. 


Cor. 3. The firefs of the beam at any point C, by a weight fuf- 
pended there is double the fires of the beam at the fame point C, 
by the fame weight prefing uniformly on ail paris of toe beam. 

For by Cafe I. the ftrefs at C is 40xCS; and by Cafe I. 


the’ ftrefs at C is ete ae 


~ Cor. 4. The firefs of a beam at any point C, by a weight fuf- 
pended there, is double to the jirefs at C, when the fame weight 
is uniformly difperfed on all the parts of AC. | 


Cor. 5: If a weight prefs equally on all the parts of pC; the 
frrefs at C by that preffure, is to. the firefs at C, when fufpended at 


C:: as Ap+AC, to 2A. aN 

For (by Cor. 2.) the ftrefs at C, by the weight 1 lying at p, 
is ApxCB, and at C, is ACXCB.. Therefore the whole ftrefs at 
C,, by the whole weight on all the points of pC, is the fum of 


all the 4pxCB = Ap+ Ap+uitrdp+2...f4€:xCBa . 
eee xpCxCB. But the ftrefs by the whole weight at C, is 
2 2 | | sly 


ACXCBx pC; and the former is to the latter, as ai 
to AC. | | 2 


rae 


Cor. 6. Tf a weight prefs equally on all the parts of Ab; the 


firefs at any point. C by that weight, is. to the Sirefs at C if fuf- 


pended there: : as Ap to 2AC.. 


For the ftrefs at C by all the -weight on | Ap, is 


o+1+2...49xCB= 4 CB: And the ftrefs by the 


weight Ap at C is ACKCBxAp. 


Cor. 7. The firefs at p by a weight at C3is equal to the ftrefs 


at C, by the fame weight at p. 


ah 
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PROP. LXXI. 


If CD i a epepines! beam, fixt horizontally at the end C, as ina 
wall ; and if a weight proportional to ihe length of the beam, 

— —obe difperfed uniformly on all the parts of the beam, The ftrefs at 
any point F, will be as DF, the fquare of the diftance from 
the ‘Sumac 


For let FD be divided into an infinite number of equal 
parts at ~, g, 7, 5, Ge. and let each be=1, and fuftain the 
weight r.. Then (by Prop. LXIX.) the ftrefs at F, by the 
weights at Fy p, 9, % €e. will be 1x0, 1xF2, ixfq, Se. or 
aS 0, I, 2, 3, Ge. refpectively: therefore the whole ftrefs at C 


ywilbe o+1-+2+3.,..FD= HEN 


Cor. 1. Hence the firefs at F, by any weight fufpended at D; 
will be doubie the ftrefs at the fame point F, when the fame weight 
preffes uniformly on all the parts between F and D. 

For (by Prop. LXIX.) the ftrefs at # by the weight DF, is 
DFxDF, or FD*. 


Cor. 2. The 9 at the end BC, by the che P, is the fame 
as the firefs upon the middle of a beam of twice the length DC, 
with twice the weight P laid on its middle, this beam being fup- 
ported at both ends. 

For the ftrefs now at-C, is the farrie as if DC was continued 
to the fame length beyond C; and a weight equal to P fuf- 
pended at the cht: ; and then the fulcrum C will be aéted on 


with twice the weight P.. And this is the fame as if the beam’ 


was turned upfide down, ane twice the weight - laid on the 
middle C. 


P R OP. LXXIl. 


If there be two beams Randing a flope, and bearing two weights 
upon them, either in the middle, or in any given fituation, or 
equally diffufed over the whole length of the beams: the fires 
upon them will be diretily as the weights, and. the lengths, and 


the cof. ines of elevation. 
O 2 | Me en or 
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For (by Cor. 1. Prop. XXXI_.) the weight i is to the preffure 
upon the plane, as radius to the cof. elevation. Therefore the 
preffure is as cof. elevation X weight: and this is the force a@- 
ing againft the beam. Therefore (by Prop. LXVIHI.) the ftrefs 
will be as its length and this force; that is, as the length, the 
weight, and cof. elevation. 


Cor. I. If the weights and rie of the beams be the fame; 
the fire/s will be as the cofine of elevation , and therefore a 
when it hes horizontal. | ? 


Cor. 2. If the beams lie horizontal, or at any equal inclinations ; ; 
and the weight be as the Belch, then the ee ts as the fquare of 
the length. 


Cor. 3. If the weights are equal, on the horizontal beam AB, 
and the inclined one AC; and BC be perpendicular to AB: then the 


Sires will be equal upon both. 


For the length x cof. elevation is the fame in both, or AC x 


-icok A = AB < radius. 


Cor. 4 . But if the weights on the fame beams be as their lengths ; | 
then the. firefs will alfo be as their lengths, AB and AC. , 


Gon 5. And univerfally, the fires upon any point of a floping 
beam, is as the rectangle of the fegments, and the weight, and cof. 
inclination, diretily ; and the length of the beam reciprocally. 

For in the horizontal gee, a ifthe weight /V lie upon 


C, the preflure at 4 will be ae BW. And (by Prop. LXIX.) 


this preflure or force x diftance AC, will be as the ftrefs atc; 


that is, el xV is as the ftrefs at C. And if the beam lie 
a flope, the-ftrefs (by Cor. 1. Prop. XXXI.) will then vary in 


proportion to the cof. elevation. 
P R°OtPS LX XITT. 
Ef any beam of timber be to fupport any weight, or preffure, or force, 


aching laterally upon it, the breadth multiply’d by the ee : 
thé 


Seat. VIII. a | or TIMBER. Tor 
the depth, or in fimilar feétions, the cube of the diameter, in ¥ 1c. 
_ every place; ought to be proportional to the length multiply’d by 

the weight or force acting on it; or as the fire/s in that place. 

And the Jame is true of foveral different pieces of timber com- 

pared together. | 


For every feveral piece of timber,.as well as every part of , 
the fame timber or beam, ought to have its ftrength propor- _ 
tioned to the weight, force or preffure it is to fuftain. ~ And 
therefore the jtrengtb ought to be univerfally as che /tre/s upon 
it. But (by Prop. LX VII.) the ftrength is as the breadth x 
fquare of the depth. And’ (by Prop. LXIX.) the ftrefs is As 
the weight or force x by the diftance it aéts at. And therefore 
thefe muft be in an invariable ratio. | 


Cor. 1. If AEB be a prominent beam fixt at the end AE, and 102. 

Sufiaining a weight at the other end B. And if the feétions in all 

places be fimilar figures ; and CD be the diameter in any place C; 

then CB will be every where as CD3. And if ACB be a right line, 

EDB will be a cubic parabola. Therefore 3 of fuch a beam may 

be cut away without any diminution of the firength. 

_ But if the beam be bounded by two parailel planes, perpendicular 

to the horizon ; then CB will be as CD*, and then EDB will be 

the common parabola. Whence a third part of a beam may be thus 

cut away. 


Cor. 2. But if a weight prefs uniformly on every part of AB; 102. 
and the feétions in all points as C, be fimilar , then BC will be 
every where as CD}; and EDB a femi-cubical parabola. 

But if the beam be bounded by parallel planes, perpendicular to tox. 
the horizon; then BC will be as CD, and EDB a right line. 
Flere half a beam may be cut away, without lofing any ftrengtb. 


Cor. 3. If AB be a beam fupported at both ends, and if it bear 103. 
a weight in any variable point C, or uniformly on all the parts of 
at. And if all the fections be fimilar figures, and CD be the dia- 
meter in that place C; then will CD: be every where as ACXxCB. 

Bug if it be bounded by two parallel planes, perpendicular to the 
horizon; then will CD* be every where as ACXCB, and therefore 
the curve ADB is an ellipfis, fuppofing AB a right line. 


Cor. 4. But if a weight be placed at any given point P, and ail 104. 
Sections are fimilar figures; and if CD be any diameter ; then will 
BC be as CD}; and AQ and BQ are two cubic parabolas, 
| But 
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But if the beam be bounded by two parallel planes, perpendicular 
to the horizon; then BC is as CD*, and AQ and BQ are two 


common parabolas. 


Cor. 5. All circular plates, whether great or little, being of the 
fame matter and thicknefs, and fupported all round on the edges, 
will bear equal weights. The fame is true of Jquare plates, or any 
fimilar ones. in 

For let 4D, ad, be two fquares, and let them firft, be only 
fupported at the ends 4B, CD, and ab, cd. Then by this Prop. 
(fince the thicknefs is given) 4B : AC x weight on 4D: : ab 
: ac x weight on ad, and weight on AD : weight on ad: : 
AB. ab. SEB ty: SRR ne i278 
ie yee but yeh ~» therefore weight 2 AD = weight 
on ad, when the plates are only fupported by 4B; CD; and 


ab, cd. And for the fame reafon the weights will be equal, 


when only fupported by the fides AC, BD; and ac, bd. And 


_confequently the weights will ftill be equal, when the plates are 


 fupported by all four fides; in which cafe, twice the weight 


291. 


breadth. 


will be fupported. And the fame holds equally true of all 
fimilar figures. For, 

Let AD, ad, be two hollow circles; draw the infcribed {quares 
ABCD, abcd, thefe fquares are fupported upon the four fides 
AB, BD, DC, CA; and ab, bd, dc, ca, by the continuity of 
the plates ; therefore the weights will be equal, as was proved 
before. And that the continuity of the plates will equally fup- 
port the weights in both circles, is plain, becaufe the ftrength 
of both feements 4B, ab, are equal; the length being as the 


Cor. 6. Hence, the weight a fquare plate will bears 
To the weight which abar of the fame matter and thicknefs will bear : : 
As twice the length of the bar : | 
To its. breadth. ‘ 
And a circular plate is but very little weaker. 


S CH O bv’ 
All thefe things appear from the foregoing propofitions ; But 


it is-here fuppofed that the timber is homogeneous and of the 
fame goodnefs ; otherwife a proper allowance muft be made for 


J 


the defect. And what is here faid of pieces of timber, holds — 


equally true of any other folid bodies, fuch as pieces of metal, 
ftone, &e. Andif pieces of timber or metal be cut into the 
(kee tvs ficures 
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fioures mentioned in the foregoing corollaries, all the parts will F 1c. 
be difpofed to break together. And if'a fpring is to be made, 291. _ 
its fhape ought to be as in Cor. 1. and then every part will 

bear a ftrefs proportional to its {trength. g 


Se Ps PROP. LXXIV. 


If a weight A be fupported upom the end of a crooked piece of 105. | 
timber ABD and from ibe ends, a line AB be drawn perpendi- 
cular to the horizon; and from the angle B, the line BC perpen- 

| dicular to AD: the firefs at B will be as the perpendicular BC. 
For as the weight 7 acts not in direction 4B, but in direc- 

tion 4D ; therefore it is the fame as if it were apply’d at the. 

point GC. But a force apply’d at C, has a greater power to 

break the timber at B, in proportion as the leaver BC is longer. 

This force therefore, or the ftrefs at B, is as BC. 


Cor. 1. Hence if any two forces afting from or againft one another, 106. 
at the ends A, F, of any crooked beam ABDEF, and keep one 
another in equiltbrio ; and the line AF or the direction of the forces 
being drawn: the firefs at any point, is as the perpendicular upon 
AF, So the fire/s at bis bc; at B, BC; at D, DI; at E, EK: 
and at G,.H, nothing. 


Cor. 2. Hence alfo, that the ftrength in any part b, may be pro- 
portional to the firefs there, the breadth. multiplyd by the /quare of 
the depth, muft be as the perpendicular be ; reckoning that the depth, 
«which is in the plane paffing through AF. , 


% 


PROP) OLXXV. 


Having the length AB and weight W, of a cylinder or prifm, that 107. 

can juft fupport the weight P at the end, to find the length of 108. 
another beam FG, fimilar to the former, and of the fame matter, | 
that will juft break with its own weight, or only fupport it/elf. 


mad ! : Since. 
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Since the weights of fimilar folids of the fame matter, are 


as the cubes of the lengths, it will be, 4B3.:W: : FGs.: 
FG! WW = the weight. of the beam GH. Then by Cor. ir 
Prop. LXVII. the ftrength of the beam AB is 4C:; and of FG, 


-is FHs, And by Prop. LXIX. the ftrefs at 4 is V”+PXxAB. 


Wind the (rel at is eee And Gite the beat 
. 2 AB} * 


are both fuppofed to break with thefe weights ;therefore the 


ftreneth muft be as the ftrefs, that is, 77M +Px AB: 


We. 3 AC) s EHD) =: ABs : FG. Whence, 22x” 
2 AB} re 5 


—FG3x% ABXiW-+P. Or FGXW=ABXW+2P. Whence — 


W:WA2P:: AB: FG, the length required. 


aida ah fe WP. Then FG = ABx1-+2G¢. 


Cor. 2. Hence there is one ana only one beam, shat will juft break 


by its own weight, or juft fuftain itfelf. 


? 
209. 
1IO. 


Cor. 3. The fame Prop. will likewife hold good, in regard to two | 
beams Jupported at both ends and breaking in the middle, by Cor. 3. 


Prop. LXX., ! 


Cor. 4. If the beam FG break by its own weight, a beam of 


éwice the length of FG, and fupporting at both ends, will alfo break. 


by its own weight : or if one fuftain itfelf, the other will. 
For the firefs is the fame in both of them, by Cor. 3. Prop. 
LXX. and Cor. 1. Prop. LXXI. each of them being equal to 


the ftrefs of a beam, twice the length of FG, and fulpended in 
the middle. | ’ | 


PROP. LXXVL 


If any weight be laid on the beam AB, as at C, or any force ap- 
phd to it at C; the beam will be bent through a {pace CD pro- 
portional to the weight or force apply’d atC. And the refifance 
of the beam will be as the {pace it is bent through, nearly. 
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In order to find the law of Tellteenee of beams of timber or: 


fuch like bedies, againft any weights laid upon them, or ftrain- 
ing them; I took a piece of wood plained fquare, and fup- 
porting it at both ends 4; B, I laid fucceffively on the middle 
of it at C, 1, 2, 3, 4, 5, 6, 7, and 8 pounds; and I found the 
middle point C to defcend through the fpaces 1, 2, 3, 4, 5, 6, 
7, and 8, refpectively. And repeating the fame experiment 
swith the weights 3, 6, 9 lb. they all defcended through fpaces, 
either accurately or very nearly as the numbers 1, 2, 3. ‘1 try’d 


the fame thing with fprings of metal, and found the {pace. 


through which they were bent, proportional to the weight fuf- 
pended. [I alfo tried feveral.experiments of this kind with 
wires, hairs, and other elaftic flexible bodies, by hanging weights 
at them: and I found that the incteafe of their lengths, by 
ftretching, was, in each of them, proportional to the weights 
hung at them: except when they were going to break, and 
then the increafe was fomething greater. It may be obferved, 
that none of thefe bodies regained their firft figure, when the 
weights were taken off, except well tempered fprings; fo that 
there are no natural bodies perfectly elaftic. “And even fprings 
are obferved by experience to. grow weaker by often bending; 
and by remaining fometime unbent, will recover part ftrength : 
and are fomething ftronger in cold than in hot weather.” But 


at any time a {pring, and all fuch bodies obferve this law, that - 
they have the leaft refiftance when leaft bent, and in all ‘cafes 


are bent through {paces nearly proportional to the weights or 
forces apply’d. And therefore I think this law is fufficiently 
eltablifhed, that the refiftance, any of thefe bodies, makes, is 
proportional to the fpace through which it is bent; or-that it 
exerts a force proportional! to the diftance it is ftretched to. 

The knowledge of this property of fpringy bodies is of great 
ufe in mechanics ; for by this means a fpring may be contrived 
to pull at all times with equal ftrength, as in- the fufee of a 
watch. Or it may be made’to draw in any proportion of 
ftrenoth required. | | | 

The action of a {pring may be ‘compared to the lifting up 
achain of weights, lying upon g plane; or to the lifting a 
cylinder of timber out of the water endways. 
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PROP. LXXVIIL. 


. 0 a dd the lateral Strength of any beam of timber, whofe ae 
fection is any figure whatfoever. | 


i ie ERG be the fection of the beam in the place where it 
breaks. Draw the ordinates IN, im, infinitely near each ie 
and Pas to,the bafe RG. 


Pu ER=d WA Ft 
RG = Beg ae ee os 
IN =y 1 


The abfolute firength of one fibre of rf wood = 1. 

When the beam breaks, it is done by the feparation of the - 
parts of the wood at E. Therefore QRE mutt be efteemed 
a bended leaver, whofe fulcrum is at R. When the beam breaks, 
the fibres at E are ftretched to their full ftrength, but thofe 
‘nearer R are lefs ftretched, and exert lefs force or refiftance in 
proportion to their diftance from R (by tHe laft. Prop.) ; and 


therefore the refiftance of a fibre at {= ~- sand the refiftance 


of all the bred qi the patalldectamn In, = — xIn; and the 
power of. all the fibres in the parallelogram, in regard to the 
brachium JR, is = noes x Tn. And the fum of all the powers 

in the whole feation = — fum of all the =} x in. 


Let .2,.Ps be the diftance of the center of gravity nie per 
cuffion from RG, as the axis of motion. 

Then (by Cor. 1. Prop. LVII.) the fum of all the vyx In 
AED pa of all the “= gp x fection ERG. And the fum of 


all the = x ik ‘= sf x fection ERG. Therefore the ftrength 
of ‘anes aE, Hs a t. x feftion ERG. 


Cor. 1. If there be taken RO = a4 5; then all the Sibres of 


the wood being fuppofed to be colleHted it in O, and aéting there with 
their full firength; their total firength at O, fhall be Foe to the 
Strength of the. beam, at the fection ERG. | 


For _ 


“ot. VEL « (‘ilROCOT:EMOB-ER, 


For fuppofe O to be fuch a point; then the ftrength of the g 1 4, 


beam, or SP _x fection ERG = RO x fection ERG; and RO 
d 


Cor. 2. If the feftion be a parallelogram, & id, and p=3d, 
therefore RO=34. | 


In a circle whofe dinmeter: is ER, gid, pid, and RO 


—id, —id nearly, as in the parallelogram. 
In the periphery of a circle (the beam being a hollow cane) gid, 
and p=id, whence RO = id = 3d, nearly, as in the parallelo- 
ram. 7 
. In a triangle whofe bafe is at E parallel to the horizon, and 
wertex at R;, gid, and pid, and RO=2d. And its firength 
=id x area of the triangle. 


Cor. 2. The firength of a cylinder when twifled, wrefted, or 
wrung round its axis, 15 equal to the lateral ftrengib of a trian- 
gular beam whofe height = radius, bafe = circumference of the 
cylinder , and vertex of the triangle, at R. - 

cv 


For let AD = 7, circ, DEFG =, Ap =, cir. par = 
| | r 


The refiftance of a fibre at D is 1, and at p is = =, and the 


UV 


refiftance of all in par ey ome = ; and the power of all 


power of all the fibres in pqr, in regard to the brachium p/is = 


(eee 


0? KU 3. and the total power of all the fibres in the whole fec- 
rr | 


tion DEFG is = © y fum of all the v+ = = X13 + 23 +4 33 
| Yr | 


Si bike = gh . rr 
2 43..tor? = ~~ X—>3 therefore the ftrength is = —- 
au O nea: 4 > : gt a 
: BCT: dates 
And in the triangle, the area = ee and d == r, and the 
ftrength = 2% xe = ve the fame as for the twifted cy- 


linder. | 
. SCHOL 


/ 


This Cor. 2. does not agree fo well with timber as metal, for 


the texture of wood is not the fame in length as breadth. F a 
| P 2 | a 


% Ward's Math. Guide, Part V. Lem. 4. sa 
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. all wood is compofed of long flender tubular fibres, joined to- 


gether by a glutinous matter, which is. eafily feparated; andi — 


therefore wood 3 is much more eafily fplit than . brokents 


PROP. LXXVIIL. 


Given hi weight that will break a beam laterally ; ; tofind how much 
will break it when drawn in direétion of its ene 
Let DR be the beam. 
Pui l = its length DE, 
W = weight applyed at D, that can break it at. LE, 
d = depth ER, 
g = diftance of the center of gravity of the fettion ERG ie rae 
p = diftance of the center of percuffion of ERG from RG, 
al 


Then “ ae that will break it when drawn in direttion of 


its length. 
But if the beam be fupported at both ends, and the pane breaks it 
in the middle , g and p muft be meafured from the upper fide, and 
take l for half its length, W for balf the Weight that breaks it. 


For by Cor.. 1. of the laft Prop. if RO = sP oF then all the 


fibres of the beam aéting at O, will be equal bi the ftrength of 
the beam ; and fince W, applied at D, can break it in either 
cafe, therefore by the nature of the leaver, it will be, / x hte 


RO. x. abfolute firength = am ; F -X abfolute ftrength, therefore 


he abfolute flrength = ae z , or the: weight that can break it, 


when d drawn in i tener 


Cor. Hence, if a be taken RL = oP bras) ‘then the weight 
which being applied at L, will juft break ‘ip beam borizontally ; 5 


the fame will juft pull it afunder, when applied lengthways. 
For then / = a sand weight W= refiftance at O = ftrength 


of the whole beam.. 


AY, Therefore 


saemhiw ? «or EAUM BER. ’ 
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| Therefore if a piece of oak, an inch fquare and a foot long, Fic. 


fupported at both ends, bears 315 Ib. before it breaks ; it will 
bear, when drawn in length, 28351b. or 1 ton, 5 hundreds, 2 
ftone, 7 pound ; that is above a ton and a quarter. 


SCHOLL. 


Here we all along fuppofe that the fulcrum at R remains 
fixt ; but if it fhould vary by the dinting in of the parts at k, 
it will caufe a little variation in the ftrength, and make the beam 
fomething weaker laterally. And that it will yield a little this 
way, is evident from experiments ; for the hardeft bodies, fuch 


as glafs in {mall threads, may be extended in length, and confe- 


quently may be contracted by a contrary force ; and balls of glafs 
or wood, let fall upon a hard body, will rebound ; which they 
cannot do without the denting in of the parts. | 


PROP. LXXIX. 


If a weight be laid upon the freight beam AB, fupported at beth 


ends; its bending or curvature will be nearly as the weight and © 
length direétly; and as the breadth and cube of the depth recipro- 


cally. 


It is found by Prop. LX XVI. that if feveral weights be laid fuc- 
ceffively upon a horizontal beam 4B, the fpace CD, thro’ which 
the point D defcends, will be as the weight it bears. Now the 
parts at e, f, which are contiguous at the beginning of the de- 
fcent, are gradually feparated; till at laft the beam breaks. 


113. 


_At which time, when it can bear no more, the infinitely fmall — 


diftance ef is a given quantity. If CD be fuppofed very {mall, 
then CD is as the curvature at D, and this curvature is as the 


infinitely {mall angle eDf, that is, as Jo and when it breaks, 


_ Let E be thelength of any beam, 2 its breadth, Df its depth 3 


_ then (by Prop. XXIII.) its ftrength, or the weight it will bear, 


isigg (ROE _ OXDf* 
is'Gaee eS | cas 
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‘Df 


for the greateft weight, and: 
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HF for the curvature when bréaking ; 17 for any other weight, 


and C the correfpondent curvature. And it will be as 


EXD] tate pe 
— pivic= 


Cor. 1. The quantity of deflexion CD of any beam, is as the 


e 
a] 


bx Df* i 


weight and cube of the length airetily, and the breadth and cube of - 


the depth reciprocally. 


For when CD is very fmall, ADB is very near a circle, or 


nearer a parabola; fuppofe it a circle, and let its radius be Ry 


then 2R x CD = AD* or + LL; therefore a = eR whence _ 
2 is as the curvature C, that is as oy , or CD is a8 or 


And if ACB, the original Pegs of the beam, is not a right 


line ; yet CD will {till be of the fame quantity, 


Cor.2. In fimilar homogenous ftreight bodies, the curvature is as 


the weight diretily, and cube of the depth reciprocally ; but the de- 


flexion CD is as the weight diretily, and depth reciprocally. 
Cor. 3. In fimilar bodies bending from a freight line, by their OWK 


weight , the curvature 1s given: and the deflexion is as the fquare 
of the depth. 3 | 


& 


Cor. 4. In the utmoft firength of beams, or their breaking pofition , 


the curvature is reciprocally as the depth, and the deflexion as the 


fquare of the length direéily, and the depth reciprocally. 
For then 2 x Df* is as LW. | 


- Cor, 5. What is faid of fireight beams, is equally true of any 
beams, in regard to the increafe or variation of curvature, and to 
the deflection from their original pofition. 


SCHOOL. 


What is faid of beams of timber in this fection, is equally ap- is 


plicable to any folid bodies, acted on in a like manner as by 
weights. There are fome bodies, in which a very little bend-. 
ing may have a great effect ; as in the glaffes of large telefcopes. 
For (by Cor. 3. of the laft Prop.) The deflexion from their 


true figure, arifing from their own weight, is as the fquare of |’ 


the 


a - 7 > 
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the diameter, when the elaffes are fimilar. And tho’ this be 5 y¢, 


_infenfible in {mall glaffes, it may produce fome fenfible error in 
-darge ones: and the fame may happen to them in grinding by 
too much preffure. | 

From the foregoing propofitions it follows, that if a certain 
beam of timber be able to fupport a given weight; another 
beam of the fame timber, fimilar to the former, may be taken 
fo great, as to be, able but juft to bear its own weight. And 
any bigger beam cannot fupport itfelf, but muft break by its 
own weight; and any lefs beam will bear fomething more. 
For the ftrength being as the cube of the depth; andthe 
ftrefs, being as the matter and length, is as the 4th power 
of the depth: it is plain the ftrefs increafes in a greater ratio 
- than the ftrength. Whence it follows, that a beam may be 
taken fo large, that the ftrefs may far exceed the ftrength. _ And 
that, of all fimilar beams, there is but one that will fupport itfelf, 
and nothing more. Likewife if any beam can make 10 times its 
Own weight ; no other fimilar beam will'dothe fame. And the like 
holds in all machines, and in all animal bodies. And hence there 
is a certain limit, in regard to magnitude, not only in all machines 
and artificial ftru@ures, but alfo in natural ones, which neither 
art nor nature can go beyond ; fuppofing ther made of the 
fame matter, and in the fame proportion of parts. 
Hence it is impoffible that mechanic engines can be increafed 
to any bignefs. For when they arrive at a particular fize, their 
feveral parts will break and fall afunder by their weight. . Nei- 
~ ther can any buildings of vaft bignefs be made to ftand, but 
~muft fall to pieces by their great weight, and go to ruin. 
Vaft columns and pyramids will break by their weight and tum- 
ble down. — | eae 
_ It is likewife impoffible for nature to produce animals of any 
. vaft fize at pleafure ,; or any fuch thing as giants, or men of 
prodigious ftature: except fome fort of matter can be found to 
make the bones of, which is fo much harder and ftronger than 
any hitherto known : or elfe that the proportion of the parts be 
fo much altered, and the bones and mufcles made thicker in 


proportion; which will make ‘the animal diftorted and of a . 


monftrous figure, and not capable of performing any proper ac- 
tion. And being made fimilar and of common matter ; they 
won't be able to ftand or move, but being burden’d by their 
own weight, muft fall down. CA accoihneles 
Thus it is impoffible that there can be any animal fo big as to 
carry a caftle upon his back ; or any man foftrong as to remove 
a mountain, or pull up a large oak by the roots: nature will not 


admit - 


a 


Ime 
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gic. admit of thefe things ; iaice its impoffible there can be ani- 


mals of any fort beyond a determinate bignefs. 

Fifh may indeed be produced to a larger fize than land ani- 
mals ; becaufe their weight is fupported by the water. But yer 
they cannot be increafed to immenfity, becaufe the internal parts 
will prefs upon one another by their weight, and deftroy their 
fabric. ee ae 

On the contrary, when the fize of animals is diminifhed, their 
ftrength is not diminifhed in the fame proportion as the weight. 
And therefore a fmall animal will carry far more than its own 
weight, whilft a great one cannot carry fo much as its weight. 


And hence it is, that {mall animals are more active, will run 


after, jump farther, or perform any motion quicker, for their 
weight, than large animals: for the leffer the animal the greater 
the proportion’ of the ftrength to the ftrefs. And nature feems 
to know no bounds, as to the fmallnefs of animals, at leaft in 
regard to their weight. AR | 

Neither can any two unequal and fimilar machines, refift any 
violence alike, or in the fame proportion ; but the greater will 
be more hurt than the.leffer. And the fame is true of animals ; 


‘for large animals by falling break their bones, whilft leffer ones 


falling higher receive no damage. Thus a cat may fall 2 or 3 
yards high and be no worfe, and an ant from the top of a tower. 

It is likewife impoffible in the nature of things, that there 
can be any trees of immenfe bignefs ; if there were any fuch, 
their limbs, boughs, and branches, muft break and fall down 
by their great weight. Thus its impoffible there can be an oak 
a quarter of a mile high; fuch a tree cannot grow or ftand, 
but its limbs will drop off by their weight. And hence like- 


wife, leffer plants can better fuftain themfelves than large ones 


can do. : | 

Neither could a tree of an ordinary fize be able to ftand, if 
it was compofed of the fame tender matter that fome plants con- 
fift of : nor fuch a plant if it was much bigger than common. 
And that plants, made of fuch tender matter may better fup- 
port themfelves ; nature has made the trunks and branches of 
many of them hollow ; by which means they are both lighter 
and ftronger. a ey 

The propofitions before laid down, concerning the ftrength 
and ftrefs of timber, €c. are alfo.of excellent ufe in feveral — 
concerns of life, and particularly in architecture; and upon 


-thefe principles a great many problems may be refolved relating 


to the due proportion of ftrength in feveral bodies, according 
| ie 


‘ 
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to their particular pofitions and weights they are to bear; fome fF iG. 


‘of which I fhall briefly enumerate. 

If a piece of timber is to be holed with a mortife hole, the 
beam will be ftronger when it is taken out of the middle, than 
if it be taken out of either fide. And in a beam fupported at 


both ends, it is ftronger when the hole is taken out of the upper 


fide than the under one, provided a piece of wood is driven 
hard in to fill up the hole. | ae 

If a piece is to be fpliced upon the end of a beam to be 
fupported at both ends ;! it will be ftronger when fpliced on the 
under fide of a beam, than on the upper fide. But if the beam 


is fupported only at one end, to bear a weight on the other; - 


it is ftronger when fpliced on the upper fide. . 
When a {mall leaver, &c. is nailed to a body, to move it 


or fufpend it by ; the ftrain is greater upon the nail neareft the 
‘ hand, or point where the power is apply’d. 


_If a beam is fupported at both ends ; and the two ends reach 
over the props, and be fixt down immoveable; it will bear 
twice as much weight, as when the ends only lie loofe or free 
upon the fupporters. 

_if a flender cylinder is to be fupported by two pieces ; the 
diftance of the pins ought to be #434: parts of the length of the 


cylinder, that is 4 its length; the pins equi-diftant from its 


ends; and then the cylinder will endure the leaft bending or 
ftrain, by its weight. “ | 

By the foregoing principles it alfo follows, that a beam fixt 
at one end, and bearing a weight at the other; if it be cut in 


the form of a wedge and placed with its parallel fides, parallel — 


to the horizon ; it will be equally ftrong every where ; and no 


_ fooner break in one place than another. 3 

___If a beam has all its fides cut into the form of a parabola, 
whofe vertex is at the end, and abfciffa perpendicular to the 

axis of the folid, and*bafe a fquare, a circle, or any regular 

. poligen; fuch a beam fixt horizontal, at one end, is equally. 


ftrone throughout for fupporting its own weight. : 
_ By the fame principles ; if a wall faces the wind, and-if the 


feGtion of it be a right angled triangle ; or the forefide be per-. 


pendicular to the horizon, and the backfide terminated by a 
floping plane interfecting the other plane in the top of the wall. 
Such a wall will be equally ftrong in all its parts to refift the 
wind ; if the parts of the wall cohere ftrongly together. But 
if it be built of loofe materials ; it is better to be convex on.the 
backfide in form of a parabola. 
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If a wall is to fupport a bank of earth or any fluid body; e 


ought to be built concave in form. of a femi-cubical parabola, 


‘whofe vertex is at top of the wall; this is when the parts of the 


wall ftick well together. But if the parts be lofe ;. then a right 
line or floping plane ought to be its figure. Such walls will be 
equally ftrong throughout. | 


All fpires of churches in the form of cones or pyramids, are 


equally ftrong in all parts to refit the wind. But when thé 
parts Cohere not together ; parabolic conoids. are equally itrong 
throughout. ‘ : | 

Likewife if there be a pillar erected in form of the logarith- 
nic curve, the affymptote being the axis; it cannot be crufhed 


to pieces in one part fooner than in another, by its own weight. 
And if fuch a pillar be turned upfide down, and fufpended at _ 


the thick end, in the air; it will be no fooner pulled afunder in 


“. one part than another, by its own weight. And the cafe is the 


u17. 


fame; if the {mall end be cut off, and inftead of it, a cylinder 


‘be added, whofe hight is half the tubtangent. 


Laftly, let 4E be a beam in form of a triangular prifn, and 
if AD—!AB, and AI=iAC, and the point ADIF be cut away 
parallel to the bafe; the remaining beam DICEF wil] bear a 


creater weight P, than the whole 4BCEG, or the part will be 
. ftronger than the whole; which is a paradox in mechanics. 


And upon the fame principles, an infinite number of quef- 


tions of like kind may be refolved ; which are curious. enough, 


and of great ufe. in the common affairs of life. 

All I thall here add,. is the ftrength. of feveral forts of timber; 
and other bodies, as 1 have collected from experiments. | 

In the firft edition of this. book, I had inferted the ftrength 
of fome forts of wood, fuch as I had made experiments upon ; 
in all which, I gave the leaft weight, which the worit of them 
was juft able to bear: left any body computing the ftrength of 
a beam, fhould overcharge it with two much weight. And 
ince that time, I have made a great many more experiments; 


not only upon many different forts of wood, but feveral other . 


bodies ;. the refult of which I fhall here fet down. A. piece of 
good oak, an inch fquare, and.a yard long,, fupported at both 
ends, will bear in the middle, for a very little. time, about 330 
pounds. averd. but will break with more than that weight. 
This is at a medium; for there are fome pieces. that will carry 
fomething more ; and others, not fo much. But fuch a piece 
of wood, fhould not, in practice, be trufted for any length of 
timé, with above a third or a fourth part.of that weight. For, 
fince this is the extream. weight which the beft wood. will bear, 
| | that 
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that of a worfe fort muft break with it. For I have found by Fic. 


experience, that there is a great deal of difference in ftrength, 
in different pieces of the’ very fame tree; fome pieces I have 
found, would not bear half the weight that others would do. 


The wood of the boughs and branches, is far weaker than that . 


of the body : the wood of the great limbs, is ftronger than that 
ef the fmall ones; and the wood in the heart of a found tree 


is ftrongeft of all. I have alfo found by experience, that a piece 


ef timber, which has born a great weight for a {mall time ; has 


broke with a far lefs weight, when left upon it, for a far lon-- 
ger time. Wood is likewife weaker when it is green, and- 


ftrongeft when thoroughly dry’d, and fhould be two or three 
years old at leaft. If wood happens to be fappy it will be 


‘weaker upon that account, and will likewife decay fooner. 
Knots in wood weaken it very much, and this often caufes it to’ 
break where a Knot is. Alfo when wood is crofs gained, as it: 


often happens in fawing ; this will weaken it more or lefs, ac- 


cording as it runs more or lefs crofs the grain. - And I have’ 


found by experience, that tough wood crofs the grain, fuch as 
elm or afh, is feven, eight, or ten times weaker, than {treight ; 
‘and wood that eafily fplits, fuch as fir, is 16, 18, or 20 times 


weaker. And for common ufe it is hardly poffible to find wood,’ 


but it muft be fubjeét to fome of thefe things. Befides when 


timber lies long in a building, it is apt to decay or be worm-' 


eaten, which muft needs very much impair its ftrength. From all 
which it appears, that a large allowance ought to-be made for 


the ftrength of wood, when apply’d to any ufe, efpecially: 


where it is defigned to continue for a long time. A 
The proportion of the ftrength of feveral forts of wood, and 


other bodies that I have try’d, will appear in the following table. _ 


Box, yew, plumbtree, oak — — ID 
‘Elm, afh — nate Sia a 
Walnut, thorn Lee tae wie x 
Red fir, hollin, elder, plane, 
Crabtree, appletree . 1s 7 
Beech, cherrytree, hazle a is z 
Alder, afp, birch, white fir, aed ol. | 6 
Willow or faugh stem t 
, Tron — — ties; amet 107 
- Brafs — bees, Sag 50 
Bone — es — 22 
Lead. oe sat So x 
_ Fine free ftone ee — RE Te % 
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In this table I ‘on put feveral ies of onal into one clafe: 


together, which I found to be pretty near of the fame ftrengh s. 

as I found fometimes one fort to exceed in ftrength, and (eee 
times another; there being a great difference, even in the fame 
fort of wood: and I don’t doubt. but other people that. fhall; 
make experiments, will find them as different and various as, 
Lhave done, and perhaps quite different from, mine, jutt ace. 


cording to the goodneis or badnefs of the wood they ufe. But: ’ 


I have contented myfelf to fet down what I) fovad, irom my 


own experience, as the refult of a great many trials, without 
any regard to what other people have done or inay do. What. 


I fhall further add, is this, 

A cylindric red of good clean. fir, of an-inch Pe avorcaces 
drawn in length, will, bear at extremity, 400 lb. and a fpear of 
fir 2 inches diameter, will bear about 7 tun; but not more. 


A rod of good iron. of an inch, circumferences will: bear near) 


3. tun weight. 
A good. hempen rope of an inch circumference, will bear: 
1000 |b. at extremity. 


All this. fuppofes thefe bodies to. be found and. ae through-. 
out, but none of thefe fhould be put to bear more than a third. © 
Or a fourth part, of that weight, efpecially: for any length of 


time. 

From what has. been faid; if a fpear of fir, ora ‘tope, ora 
{pear of iron, of d inches diameter, was to lift - the extream, 
weight; then _ 

The fir would bear 8 4dd hundred weight. 


,.. The rope 22 dd handeed: wenglitie:() 2) rash ig oe | 


_ The iron. 6.4.dd tun weight.. 


ep See $B e re 


re % 
~ 
* Loe £ 
¢ cs : ~ - ‘ 
° ; we . 
ow oy . “ i EF 
= ~-* a ar an =o . - 

u : - ie Fe F a ~ a ties aw te ee oe 


[2177 ee 
ee ee ee 
er eG TS TK. | 


The properties : of fluids ; rhe principles of hydro- 
fratics, hydraulics, and pneumatics, 
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Motion or prefure in a fiuid is not propagated in right lines, but 
_ equally all around, in all manner of direttions. 


If a force ek at 2 in direction ab, that motion can be direfted 
no further than thefe particles lie in a right line, astoc. But 
the particle ¢ will urge the particles d, f obliquely, by. which 


that motion is convey’d toe, g. And thefe particles e, 2 will. 


urge the particles”; p and r, s obliquely, which lie neareft 
them. ‘Therefore the preflure, as foon as it is propagated to 
particles that lie out of right lines, begins to deflect towards one 
fide and the other ; ‘and that preffure being farther continued, 
will deflect into other oblique directions, and foon. Therefore 


the preffure and motion is propagated obliquely ad. infinitum ; 


_ and: will therefore be’ propagated in all directions, 


Cor. If any part of a preffure propagated through a fluid, be. 
ftopt by an obftacle , the remaining part will deflect into the {paces 
behind the objtacle. Thus if a wave proceeds from C,. and a part 
goes through the hole A, it expands itfelf, and forms a new wave 
beyond oe hole,,.which moves forward in.a femi-circle whofe center 
is the bale. Hate 


For any. part of a: fluid preffing againft the next, is equally 
re-acted on by the next, and that by the next to it, and foon ; 
from whence follows a lateral preffure (equal to: the direct 


preffure) into the places behind the obftacle. 
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A fluid can only be at reft when its furface is placed in a horizontal 


fituation. 


For let ABCD be a vefiel of water or any fluid: and let 4B 
be parallel to the horizon. Suppofe the furtace of the liquor to 
be in the pofition FZ. Then becaufe the parts of the fluid are 
eafily moveable among themfelves ; therefore (by ax. 4.) aie 
higher parts at £ will, by their gravity, continually defcend to 
the lower places at F. Alfo the greater preflure under E and 
the leffer under F, will-caufe the parts at & to defcend, and 


thofe at Ff to afcend. And thus the higher parts of the fluid 
at E defcending, and fpreading themfelves over the lower parts 


at F, which are at the fame time afcending: the furface of the 
fluid will at laft be reduced to a horizontal pofition 48. But 
being fettled in this pofition, fince there is no part higher than 
another, there is no tendency in any one part to defcend, more 


than in another ; and therefore the fluid will reft in an horizontal 
pofition. ; 


Cor. 1. Hf the fluid does not gravitate in parallel lines, but to- 
wards a fixed point or center C; then the fluid can only .be at reft 
when its furface takes the form of a {pherical furface AB, whofe cen- — 


ter is C. 


For if any parts of the furface of the fluid 4 or B, were fur- 
ther from C than the reft, they would continually how down 
to the places nearer C, towards which their weights are directed : 


till at laft they would be all equi-diftant from it. 


Cor. 2. Any fluid being difturbed, will of itfelf return to the fame 
level, or horizontal pofition. as prey! 


Cor. 3. Hence alfo if a different finid ABEF reft upon the fluid 
ABCD ; both the furface FE, and the furface AB that divides them, 
wilt le in a level or horizontal fituation, when at ref. | 

For if any part of the furface 4B be higher than the reft, it 
will defcend to the fame level ; and fince FE is alfo level, and 
‘therefore the height AF, BE in every place equal; the 
preffure of it on ‘all the parts of the horizontal furface AB, - 
will be equal. And therefore it cannot defcend in one place more 
than another, but ‘will continue level. 


— Com. 
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Cor. 4. Hence water communicating with two places, or any way 
conveyed from one place to another, will rife to the fame level in 
both places, Except fo far as it is hindered by the friction of the 
chanel it moves thro’, or perhaps fome very fmall degree of tenacity 
or cobefion. ) 


PROP. LXXXIl. 


In any fluid remaining at refi; every part of it, at the fame 
depth, is in an equal fate of compreffion. 


For let the plane EF be parallel to the furface 4B. Then 
fince the height of the fluid at all the points of EF, is equal; 
therefore the weights ftanding upon any equal parts of EF are 
equal ; and therefore the preflure in all the points of EF is equal 
alfo. 


Cor. 1. A fluid being out at reft, the preffure at any depth is as 
the depth. | 

For this preffure depends on the weight of the fuperincum- 
bent fluid, and therefore is as its height. 


Cor. 2. In any given place, a fluid preffes equally in all direéiions. 

For (by Prop. LX XX.) as the preflure in any place acts in 
all dire€tions ; it muft be the fame in ‘all directions. For if it 
were lefs in one direction than another, the fluid would move 
that way, till the preffure becomes equal. And then the fluid 
would be at reft, and be equally compreffed in all directions. 


Cor. 3. The preffure is equal in every part of a plane drawn pa- 
rallel to the horizon. 


Cor. 4. When a fiuid is at reft, each drop or particle of it, is 
equally preffed on all fides, by the weight of the fluid abave it. 
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Tf a fluid be at reft in any veffel, whofe bafe is parallel to the bori- 
zon; the preffure of the fluzd upon the bafe, is as the bafe ana 
perpendicular altitude of the fluid ; whatever be the figure of the 
containing veffel. ‘cpanel 
| | CASE an . 


Let ABCD be a cylinder or prifm, then (by Cor. 1. Prop. 
LX XXII.) the preflure upon a given part of the bafe, (as a {quare 
inch,) is as the depth. And the preffure upon the whole bafe is 
as the number of parts, or inches, contained in it; and there- 
fore is as the bafe and altitude of the fluid, | 


CP eee Te 


Let the heights and bafes of the veffels 7BC, DEF be equal 
to thofe of the cylinder 4BCD, then fince any part of the bafes 
AB or DE is equally preft, as an equal part of the bafe CD; 
therefore the whole preffure upon the bafes 4B or DE is equal 
to the whole preffure upon the bafe CD. And therefore is as the 
bafe and perpendicular height. 


Cor. 1. If two veffels ABC, DEF of equal bafe and height, tho’ 
never fo different in their capacities, be filled with any the fame 


fluid; their bales will fuftain an equal quantity of prefure ; the fame 


as a cylinder of the fame bafe and beight. 


Cor. 2. The quantity of preffure at any given depth, upon a given 
furface , 1s always the fame, whether the furface preffed be parallel 
to the horizon, or perpendicular, or oblique; or whether the fluid 
continued upwards from the compreffed furface, rifes perpendicularly 
in a rectilinear direction, or creeps obliquely thro’ crooked cavities 


and canals 5 and whether thefe paffages are regular or irregular, 


wide or narrow. And hence 


Cor. 3. Lf ABDCF be any velfel containing a fluid ; and BL, ED, 
HFOK, and GC be perpendicular to the horizon, and GHAB the 
furface of the liquor; and FL, COD parallel to AB. Then the 
preffure at L and Fis as BL or HF; at D, O and C, as ED; at 
Kas HK. And therefore the preffures at L and F is the fame. And 
the preffure at D, O, Care equal. : | 


Core 


\ 


SLae, 02 HYDROSRATICS: 


Cor. 4. The preffure 1s every where aireciea perpendicularly againft 
the inner furface of the veffel. .Therefore at K it is diretied down- 
ward, at L fideways, and at F upwards. By Prop. 9. 


Cor. 5. If two veffels AB, CD communicate with one another by 
the tube BC; and if any liquor be. poured into one AB, it wilt rife 


to the fame height in the other CD ; and will fiand.at equal heights 


in both ; ‘that is, AD will be a horizontal line. 

For if the fluid ftand at unequal heights; the preffure in the 
higher, will be greater than in the lower, and caufe it to move 
towards the lower. 


Cor. 6. If two different fluids fuftain one ancther at reft, in two 
veffels AB, CD, that communicate ; their height above their place 
of meeting, will be reciprically as their denfities or {pecific gravities. 
_ Let the fluids join at C, and take the perpendicular height of 
eC, equal to that of 4B. Then if the denfities of the fluids 
were equal, they would fuftain one another at the equal heights 
AB, Ce. ‘Therefore that the preflure of the other fluid may be 
the fame at C; its height muft be fo much greater as the den- 
er is lefs ; that is, CD : Ce or AB: : denfity of AB : denfity 

a | 
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The truth of the foregoing propofitions may be leafily proved 
experimentally. Take feveral tubes open at both ends, fome 
ftreight, fome crooked, -with their low ends turned in all direc- 
tions; and of feveral fizes, regular and irregular. Put thefe 
‘nto a veffel of water to any depth; and the water will rife up 
to the height of the external furface of the water in them all. 
But this is to be underftood of fuch tubes as are fufficiently 
_ wide: for in capillary tubes immerfed in a veffel of water, it 
rifes fomething above the level, and that to heights reciprocally 
as the diameters. Likewife if water can rife and be fufpended 
at the height B in the capillary tube 4B; it will be fufpended 
at the farne height B, whilft the part of the tube at B remains 
the famé, whatever be the figure or widenefs of the under part 
_€D. And: the afcent and fufpenfion of water is the very fame 
in vacuo. ‘The fame holds for any other fluids; but different 
fluids rife to different heights. But quickfilver, inftead of af- 
cending in a tube, finks in it ; and has its furface deprefled be- 
low the common furface, to depths which are reciprocally a8 
| R the 
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the diameters of the tubes. But the forces by which fluids are 
fufpended in capillary tubes, come under no hydroftatic laws, 


‘POR OP ie Wana. 
Tf a homogeneous body be immerfedin a fluid of the fame denfity with 
 Gtfelf,; it will remain at reft in any place, and in any pofition. 
But a body of greater denfity than the fluid, will fink to the bot- 
tom: and a body of leffer denfity, will rife to the top. 


OK Se ot, 
Let the body EGF be immerfed in the fluid 4D. Then 


_ fince the body is of the fame denfity as. the fluid; therefore the 


body will prefs the fluid under it, juft as much as the fame quan- 
tity of the fluid put in its place. And therefore the preffure 
of the body, together with that of the fluid above it, preffes. 
the fluid below, as much as a collum of the fluid of the fame 
depth. Therefore the preffure of the body at F againft the 


_ fluid, is equal to the preffure of the fluid at F againft the body, 


And therefore thefe two preffures will remain in equilibrio, and 
the body will be at reit. es é 


CoA Ge. The 


If the body is more denfe; the preffure againft the fluid un- 
derneath is greater than that of an equal quantity of the fluid. 
Therefore the weight of the body will overcome the preffure 
of the fluid under it, and it will fink. But if the body be lighter; 
the preffure of the fluid will overcome the weight of the body, 
and it will rife to the top. 


Cor.1. If feveral fluids of different denfities,. be mixt together in 
the fame veffel, the beavieft will get to the loweft place, and the 
lighteft to the top; and thofe of a mean denfity, to the middle. And 
in any bodies whatever, the beavieft will be the loweft.. Re 

Cor. 2. Hence bodies placed in fluids have a twofold gravity, the 
one true and abfolute; the other apparent or relative. Abfolute 
gravity is the force with which bodies tend downward : by this all 
forts of fluid bodies gravitate in their proper places ; and their weight 

| taken 
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taken together compofe the weight of the whole: for the whole is ¥ 1G, 


heavy, as may be experienced in veffels full of liquor. 

Relative gravity is the excefs of the gravity of the body above that 
of the fluid. By this kind of gravity fluids do not gravitate in their 
proper places, that 15, they do not preponderate ; but hindering 
one anothers decent, remain in their proper places as if they were 
not heavy. : 


Cor. 3. Hence an irregular body, or one that is heterogencous, 
defcending in a fiuid, or if it move in any direttion ; anda line be 
drawn connetting the center of gravity and center of magnitude of 
the body; the body will fo difpofe itfelf, as to move in that lines 


and that the center of gravity will go foremoft, and the center of 


magnitude behind. ! 
For there being more matter and lefs furface near the center 
of gravity, that part will be lefs refifted than near the center 
of magnitude ; therefore the center of magnitude will be more 
retarded than the center of gravity, and will be left behind. 


Cor. 4. Hence no body can be at reft within a fluid, unlefs it be 
of the fame specific gravity as the fluid, | 


SCHOL. 


What is here faid of bodies of greater denfity finking in a 


fluid, muft be underftood of fuch as are folid. For if a body be. 


hollow it may fwim in a fluid of lefs denfity. But if the hol- 


~ lows or cavities be filled with the fluid; it willthen. fink. Like- 


wife bodies of greater fpecific gravity, being reduced to ex- 
tremely {mall particles, may then be fufpended in the fluid. 
But the forces by which this is done, belong not to any laws of 
hydroftatics. — ? 


PROP. LXXXV. 


Radjes immerfed in a fluid and fufpended in it , lofe the weight of 
ie." an equal bulk of the fluid. 


For (by the laft Prop.) if the body EF be of the fame den- 
fity as the fluid, it lofes all its weight; and neither endeavours 


to afcend or defcend. Fherefore if it be lishter or heavier, it 
. R 2 3 only 
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r 1. only endeavours to afcend or defcend with the difference of the 
130. weights of the body and the fluid: and has therefore loft the 


weight of as much of the fluid. 


Cor. 1, The fiuid acquires the weight which the body lofes. 
For the fum of the weights of the folid and fluid, is the fame, 
both before and after emerfion. 


Cor. 2. All bodies of equal magnitude immerfed in a fluid, lofe 
equal weights : and unequal bodies lofe weights proportional to their 
bulks. é' 


Cor. 3. The weivbts loft by immerging one and the fame body in 


different fluids, are as the denfities of the i | or as their fpecific 


ibahiiceu 


Cor. A. Hence alfo, if two bodies of pane bus, be in equili- 
brio. in one fluid, they will lofe their gai ie in another fiuia,, 
of different denfity. 


‘S§ Gel G. &. 


Since a body immerfed-in a fluid, lofes fo much weight as 
that of an equal quantity of the fluid; therefore it tends down- 
wards, only with the difference of thefe weights: and this is 
the relative gravity of the body in the fluid. ‘But if the body 
is fpecifically lighter than the fluid, it feems to lofe more weight 
than it has, and hence: the body will tend upwards with the: 


_ difference of thefe weights. And this is the relative levity of | 


the body inthe fluid : “fuch as-we fee in feathers or fmoke in pa 
air, or cork ih ‘water. . | 


PROP. LXXXVI. 


The weight of a folid body floating upon a fluid, is equal to the 
weight of a quantity of the fluid, as big as the immerfed part of the 
folid, cut off by the plane of the furface of the fluid. 


For if the body be at reft, the preflure of the body upon the 
fluid underneath, is juft the fame as the preflure of the fluid in 
the 
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the room of the immerfed part. And therefore the weight of Fic. | 


one is equal to the weight of the other. 


Cor. 1. If the body be homogeneous, the weight or magnitude of 
the whole floating body, 1s to the weight or magnitude of the part 
immerfed :: as the denfity or fpecific gravity of the fluid, is to the 
denfity or fpecific gravity of the boay. 

For the denfity of the fluid : denfity of the body :: weight (of 
the fluid equal to the immerfed part, or the weight) of the whole 
body : weight of the immerfed part. 


Cor. 2. If one and the fame body float or fwim upon different [i- 
quids, the immerfed part tn each liquid will be reciprocally as their 
denfities. And therefore a body will fink deeper in a lighter fluid thau 
ina heavier. | | 


PROP. LXXXVIL. 


Af a floating body AFBE, or fyftem of bodies, be at reft in a fluid s 
and D be the center of gravity of the whole body, and C the center 
of gravity of the fiuid AFB equal to the immerfed part of the bo- 
dy: then I fay the line CD will be perpendicular to the horizon. 


» For as C is the center of gravity of the fluid AFB, it is the 
center of all the forces or weights of the parts of the water in 
AFB, tending downwards; but becaufe the body is at reft, the 


{fame point C is alfo the center of all the preffures of the fluid un- 


- derneath tending upwards, by which the weight of the fluid 


AFB or of the body AFBE (equal to it by Prop. laft) is fuftained. — 
Therefore the fum of all the forces tending upwards to C, is e- . 


qual and. contrary to the fum of all the forces tending down- 
wards from D (by Ax. 11.) becaufe that preffure fuftains the 
body. But the weight of the body tending from D is perpendi- 
‘cular to the horizon. Therefore CD is perpendicular to the 
horizon. | on : 


Cor. If the whole body be as heavy, or heavier than water, 


and be immerfed init, the center of gravity will be the loweft, and 


defeend the foremoft. Se 


PROP. 


1Zt. 


: ¥32. 


HYDROSTATICS. 


PROP. LXXXVII. 

Ff g fluid, confidered without weight, be enclofed in a veffel, ay | 

2 $nzh compreffed on all fides, every part within ii will be in the 
fame compreffed frate. | pith: 


For if any particle was lefs preffed than another, the greater 


_preffure would move the fluid towards the lefs comprefied part, 


till their compreffion became every where equal: and then the 
equal preffures would ballance one another, and remain at reft. 


Cor. 1. Hence any foft body as GHL, whofe parts cannot be condenfed, 


being immerfed in a fluid enclofed ina veffel, and firongly compreffed 


on every fide, the body will retain its figure, and fuffer no change 
from the compreffion of the ambient fluid. And all its parts will re- 


main at reft among themfelves, and in the fame compreffed fiate as 
the fluid. : | | 


Cor. 2. The motion of any included body as E, or of any number of 


bodies, will not be at all changed by the compreffion of the fluid, but 


5 30. 


avill remain the fame as before. 


For the compreffion acting every way alike, can make no 
alteration in the motion of bodies. ~ . 


-— Cor.-3. In an inflexible veffel, a fluid will not fuftaim a ftronger 
preffure on one fide than another : but will give way to any exces of 
prefjure in a moment of time, and be reduced to an equality of 
prefure. | / 2.5 ae 


PROP. LXXXIX. 


Uf air or any elaftic fui of {mall denfity, be fhut up in a clofe veffel; 
every part of it will be in the fame compreffed ftate. . 


- For let ABCD be a veffel full of enclofed air; then the air at 
equal altitudes within the vefiel will be inthefame ftate of compref- 
fion. And the compreffion in the bottom of the veffel can only 
exceed that at the top, by the weight of a column of air of the 


height — 
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height of the veflel AC, (by Cor. I. Prop. LXXXII.) Butthe Fre. — 


‘weight of fuch a column of air 1s infenfible in refpect of the 
external preffure, or the preffure of the height of the atmofphere. 
_. And therefore the compreffion in every part of the veffel may be 
looked upon tobe the fame. 


Cor. 1. In like manner the compreffion of the air in any two 
places near the earth’s furface, is very nearly the fame. 
For the difference is only the weight of a column of air, 
whofe height is the difference of the heights of the two places, 
which is very inconfiderable. . 


Cor. 2. If air be compreffed in any veffel by the preffure of the ex- 


ternal air; its elaftic force is equal to the force and preffure of the ex~ 


ternal air. 


Cor. 3. The air does the fame thing by its foring, asa non-ela/tic 
_ fiuid does by its weight or preffure. 


For the {pring or elafticity of the air, is the force it exerts a- 


gainft the force of compreffion; and therefore muft be equal 
to it. 
ner SCHOL. 


That the air is a heavy, elaftic, compreffible body, 1s con- 
firmed by many experiments made for that purpofe. Its pro- 
perties are thefe, : | 

1. The air has fome, tho’ a very fmall degree of weight; 
which is fo {mall that it hardly becomes fenfible, but in the 


weight of the whole atmofphere, or body of air enclofing the . 


earth. | 

2. The air is an elaftic fluid, and capable of being condenfed 
- and rarified. And when it is condenfed or forced into a lefs 
fpace, its fpring, or the force it exerts to unbend itfelf, is pro- 
portional to the force that compreffes it. And the {pace any 


given quantity takes up, is reciprocally as the comprefiing force 


or its elafticity is as its denfity. 
3. All the air near the earth is in a compreffed ftate, by the 
weight of the atmofphere or body of the.air above, which com- 
-prefies it. And from hence the denfity of. the air grows conti- 
nually lefs, the higher it is above the furface of the earth. T he 
weight of the atmofphere at the furface of the earth, is at a me- 
_ dium about 14%1b. averd. upon every fquare inch. But at dif- 
ferent times it differs, by reafon of winds, hot or cold weather, 


_€c. But the Height of the atmofphere is uncertain, by reafon it | 


gTows 


& 
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FIG: gtows continually more rare towards the top, till it vanifhes. 


Then will D = 


HYDROSTATICS: 


The weight of the atmofphere is equal to the weight of water 
x1 yards high. \ . ; 

4. The fpring or elafticity of the air is encreafed by heat, and 
decreafed by cold ; fo that if any quantity of air be enclofed in 
a veflel; it will have a greater fpring or preflure when heated; 
and will lofe part of its fpring by cold. 


P-R.O Porgy 
Lo find the Specific gravity of bodies. 
Case I. 
Tf it bea folid body heavier than water, weight it exactly, firft 


in air, and then in water, or fome fluid whofe fpecific gravity 


you know; and let 
The abfolute weight of the body = A, 
The weight in water, &. =B, 
The fpecificgravity of water, &c. —C, 
The fpecific gravity of the body = D, 


C, the fpecific gravity of the body. 


A 
A—B 
CAs IE 


For a folid body lighter than water. ‘Take any piece of metal 
and tye it toa piece of the light body, fo that the compound 
may fink in water: and putting 4, C, D asin Cafe I. and 

E = weight of the metal in water. 
F = weight of the compound in water. 


—— the {pecifc gravity of the light body. 


Case IL | Hey 
For a fluid: Take a folid body of known fpecific’ gravity, 


which will fink in the fluid. And putting the fame letters asin 
A—B : 


Cafe. Then will C = See oles the fpecific gravity of the fluid. 


Or 
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¢ 


Or thus: 


_ Take a body that will fink in the fluid and alfo in water; - 


and let a 
A= abfolute weight of the body, 
B = its weight in water, 
G = its weight in the fluid, 
C = fpecific gravity of water, 
a Jie gravity of the fluid required, 
Then Z soir any C. 


But for mercury, or for powders, duit, or {mall fragments 
of bodies, you muft ufe a glafs or metal bucket ; obferving to 


balance its weight both in air and water. And for bodies that 


will diffolve in water ; weigh them in oil of turpentine inftead 
of water. When the body is weighed in the fluid, it muft be 
fufpended by a horfe hair, or a fine filk thread. Note, if the 
body and fluid be near the fame {pecific gravity, your work will 
be more exact. : 

To demonftrate the rules ; it is evident (by Prop. LXXXV.) 
that a body weighed in water, lofes the weight of as much water. 
Therefore in Cafe J. the weight of an equal quantity of water is 


A—B. But (by Def. 11.) the fpecific gravities are as the 


weights of equal quantities of matter ; therefore 4—B : 4:: 
CBee ! 


‘And in Cafe II. F—Z = weight of the light body in water, 
(which is negative when £ is greater than fF’) and the weight of 
an equal quantity of water is 4—F—E or 4+-E—F, therefore 
(as in Cafe I.) it is A+E—F : A::C:D. And the rule is e- 
qually true, whether D be lighter or heavier than water. | 

In Cafe III. fince D = oe Bo therefore C = aaah Orin 
the other rule; A—B = weight of as much water, and A—G 
= weight of as much of the fluid, and the fpecific gravities be- 


ing as the weights of equal quantities of the matter ; therefore | 


A—B: A—G ::C: Z. 


Cor. 1. Hence if a piece of metal, or any fort of matter-is offered, 
40 know what fort it is of. Find its Specific gravity by the rule above, 


which feek in the following table, and the neareft to it gives the 


uame of the body, or what kind it is Of —. 


Piece bs ane So : Cor. 


430 


FIG. . 
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Cor. 2. And to find the folid content of a {mall body heavier than 


water. Weigh it in air and water, and the difference of the weights 


reduced to grains, being divided by 256; the quotient is the cubic 


inches it contains. ! : 
For a cubic inch of water weighs 256 grains ; or a cubic foot 


weighs 761b. troy, or 622 1b. averdupoife, which is but 254. 


grains to an inch. 


Cor. 3. Hence alfo the folidity of a body being known, the weight 


may be found: andthe contrary. Thus, put n = 0.5275 ounces 


troy, or 0.5787 ounces averdupoife ; and D = fpecific gravity of 


the body, by the following table. Thenasi1 :nD.:: folid content in 
inches : weight in ounces ; and one being given, finds the other. 
For the weight of a cubic inch of water is .5275 (0z.. troy,, or 


6787 oz. averdupoile. 


A TABLE of the specific eravities of bodies. 


SOLIDS. 
Fine Gold conan a —— 19.640 
Standard Gold = ———. een —— 18.888 
Lead —e —_— —— 11.340 
Fine Silver woe — —— 11.092. 
Standard Silver _——- — —— 10.536 
Copper SRT ond AOE oe ati fgpageo 
_ Copper Halfpence oe ——  —— 8.915 
Fine Brafs. —— — —— 8.350 
Catt Bra{s eR ea — 8. 100 
Steel — — —  . 7.850 
Tron rence a reg 7.044 
Pewter — — — —— 7.471 
Tin men —— ——— 17320 
Caft Iron _ oe —— oe, . oe 
Lead Oar hihi! 93) sine — 6.200 
Copper Oar. ores — ——— = 5.167 
Lapis Calaminaris — — ‘—— 5.000 
Load-ftone — mee ——~ 4.930 
Crude Antimony — — w= 4.000: 
Diamond pei a 
White Lead eR ae! me rarer yeicy } 3.160 } 
Ifland Cryftal. ome ew 1 een’ * NBT 
: Nay 4 . “Marble 
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Mar le ks egamer ae: bei wig jae 2.907% FIG. 

Pebble Stone — ame — ais 
Coral aii ravine —— 2.700 
Jafper —eve — = 2.666 
Rock Cryftal | —_ a —— 2.650 
Pearl _ 4 —— 2.630 
Glafs — — —<= 2.600 
Flint — — —— 2.570 
Onyx-ftone —— —_ —- 2.510 
Common Stone —_ — ——<) 2.500 
Glauber Salt coment ah —— 2.250 
Cryftal = nn —— 2.210 
Oytter Shells - — = ——~ 2,092 
Brick — —— —— 2.000 
‘Earth somes —— —— —sr.98 4 
Nitre see i —— 1.900 
Vitriol. = oe ——w 880 
Mahafter a om — — 1.874 
ecaze oe = —— 41.820 

Brimftone. .. — — aaa —-—- 1.800. - 
Chalk Oe — ne «4793. 
Borax. = oe meee AY | 
Alum . .— = wee “ILA 
Clay; ae — — ome BL 2 
Dry Bone. —_— — mao 1.060 
Humane Calculus 9 == oss —— 1,542 
Sand | _— none Ey EAI E620 
Gum Arabic —— — =—— 1,400 
‘Opym ..0—-— | mere ms 1 350. 
Lignum Vite. — —— ae mam. H327 
Coal — ll | wm 1.250 
Jet... __ — A SR a ——- 1psigd 
ra —— = emnemeness I. 210 
a me OT a mL 77- 
Rofin —_ ma Re —— 1.100 
Reacenny —_ — mae) | 1.063 
Agober -...- —_ - —— - 1.040 
Brazil Wood wes mes woes) 1.031 

Box Wood _ — | peemenet  B030 

Common ae R —— — mae > F000 . 
Bees Wax... —. ——=. O55 
Buter ..<——— — _ me “=. .940) 
ore] fs S 2 ee Log- 


oR 
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¥ 1G. Logwood~ ms or Tbs 
| abe re a naa 
Ath (dry) > Sl a! oe 
Plumbtree (dry) es ae 
Oak (dry)- — Riss ee 
Yew . — ? pe Se 
Crabtree _ ag ‘hee 
Becht. (dryer ~ nana ial 
Walnut-tree (dry) tea for Rhee 
Cedar - — corsa ems oer 
Fir eae PAC Vth cs 
Cork men oe — eres 
FLUIDS. 
Qik Giver ene oe ong 
Oil of Wiesel — mom — 
Oil of Tartar = -— ote siting 
Hone tt meg hme acters 
‘Spirit of Nitre- moe _ —— 
Aqua Fortiss = — — 
Treacle = = — eestor 
Aqua Regia~ » — eet ae 
Spirit of Urine — a Saale 
Human Blood — — canes 
Sacks oo eS Ree 
Urine meme iii eee 
Milk — pa: Stier 
Sea Water — — iNencee 
Serum of human Blood: seman a 
Biles gy enn Reser iy ers : ae 
Vinegar ~~~ — BKC Bono! 
ar ee en a ES 
WAL E Ree mee ms nm 
Diftilld gai ~ ees ae: 
Red Wine --— = ae os ne 
Linfeed Oil — ancy — —— 
Brandy occ — me 
BileGlive «— poe at AG aw hs 
- Spirit of Turpentine ~~ ~— — 
Spirit of Wine _— Re, ie OE ae 
_ Oil of Turpentine “ca ae —— 
Common Air == <x or 


913 


826 
801 


r ry 
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In this table you have the mean fpecific gravities. For there rc. 


4s fome difference in different pieces of the fame fort of 


body; by reafon of their different goodnefs, finenefs, compact- 
—-nefs, texture, drynefs, being more or lefs free from mixture, 
_ &c. -And fometimes by a greater degree of heat or cold, which 


affect all bodies a little ; from whence there will arife'a fenfible 
difference in different parcels of the fame fort of matter, in al- 


moft all bodies, whether folid or fluid. Particularly in wood, ~ 


there is great difference, for green wood is far heavier than dry 


wood, and fome green wood will fink in water, as elm. 


\ 


PROP. XCI 


The center of preffure of any plane fuftaining a fluid prefing againft : 


it,, is the fame as the center of percuffion; fuppofing the axis of 


motion to be at the inter[ectiion of this plane with the furface of the — 


. fluid. | 


The center of preffure is that point againft which a force be- 
ing applied equal and contrary to the whole preffure; it will juft 
fuftain it, fo:as the body preffed'on, will incline to. neither fide. 

Let AF be the furface of the water, O the center of preffure ; 
draw AO ; and parallel to 4F, draw chd. ‘Then the preffure a- 


gainft any fmall part'cd, is as cd and the depth. of the fluid, 
_ that is as cd x Ad. And the. force to turn the plane about O, — 


is cdx Abx bO, or cdx ADxX AO — cd x Ab*. And the fum 
of them all muft be equal to o. Therefore dO = 
fum of all cd Abr... , 

fum of all cd x Ab. | 
fame as the center; of pércuffiom 


Cor: 1. Ihe center of preffure, upon a plane parallel to the hori- 
Zon, or upon. any plane where.the preffure is uniform, is the fame 
as the center of gravity of that plane. 


For the prefftre aéts upon every part, in the fame manner 
as gravity docs. | 


Cor. 2. The quantity of preffure upon any plane furface, is equal 


so:that of the fame plane, placed parallel to the horizon, af Ws : 
| “hi : | Cpl 


; and therefore (by Prop. LVII.) O is the 
ee 
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133. 


FIG. 
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depth where its center of gravity is. dnd the fame is true of any 
number of furfaces taken together, >i 1h 

For the whole preflure is as the fum of all the 46 x cd; 


and upon the whole figure placed at the center of gravity, it 


is ABC x diftance of the center of gravity from 4. But (by | 
Cor. 3. Prop. XLIV.) thefe products are equal. And the 
fame may be proved for feveral furfaces, or the furface of any 
folid, taking the center of gravity of all thefe furfaces, 


PROP.) RC 


To find the center of equilibrium of a body, or a fyftem of bodies, 
-  immerfed in a fluid, Bish we 


The center of equilibrium is the fame with refpect to bodies 


“ammerfed in a fluid, as the center of gravity 1s to bodies in 


free fpace : It is a certain point, upon which if the body or bo- 


dies be fufpended, they will reft in any pofition. 


‘Let 4, B, C be three bodies, or the quantities of matter in them ; 


- p,q, r their relative gravities in the fluid; 1 = abfolute gravity. 


Then pJ4, gB, rC are the weights of 4, B, C inthe fluid. Let: 
G be the center of equilibrium. Then, by the fame reafoning as 


in Prop. XLVIL. the fum of the forces. of 4, B, Cis pA x Aa 


+ ¢Bx Bb +7C x Ce = Gg xpA+ GB + rC, the fum of the - 
forces or weights when fituated in G. . Wheme Gg = 


Aa DAY BOX IB ACEI sty dian ofthe enter of 


Librium from ST, in the fluid. And if any body, as A, is lighter than 


the fluid; then its relative gravity p will be negative. And if 
any body is fituated on the other fide of the plane, its diftance 
from it muft be taken negative. | fidan 

Cor. If the body or bodies be homogeneous, the center of equili- 
brium is the fame as the center of gravity. . ' 


SCHOL. 


The relative gravity is found thus. Take the fpecific gravity 
of the fluid from that of the body, and divide the remainder: 
by the fpecific gravity of the body. snd thefe {pecific gravities 
are had by Prop. XC. as | 

i PROP. 


j 


bs 
« L 


3 . . 
Sex pd + 5x qB + SdxrC 
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PROP, XC 


: If a fxftem of bodies ofcillate in a fluid, without refiftance , to find 


the length of an ifocronal pendulum vibrating in vacuo. 


Becaufe particles of different fpecific gravities, placed in. any 


given point, will require different times of vibrating in the fluid ; 


- therefore we muft find the point where a particle of infinite den- 


fity being placed, will vibrate in the fame time as the fyftem : 
and this will be the center of ofcillation. For this particle will 
lofe nothing of its weight in the fluid; its relative gravity being 
the fame as the abfolute. “Whence the vibrations of this particle 
will be performed in the fame time as in vacuo. 

Let 4, B, C be three bodies, or their quantities of matter ; 
?, 9, 7 their relative gravitiesin the fluid; 1 = abfolute gravity.. 


Then 94, gB, 7C are the weights of the bodies in the fluid. 


Let G be the center of equilibfium ; and O the center of ofcil- 
lation fought. Put s = 4x S/4* + Bx SB + Cx SC. Then 
(by the fame reafoning, ‘and conftruction, as in Prop. LVIII.) 


_ the angular velocities which the bodies 4, B, C generate in the 


a) 


; —SexpA SnaxgB Saxri : 
fyftem are, Sa, aie, — , and the whole angu- 


lar velocity generated by themall, is —Sexpdt SuxgB + SdxrC 


5 
Likewife the angular velocity which the particle P, fituated in 


o Orexe.P Sr Pa ae 
O, generates. in the fyftem, 1s Px 50: OF cre But their vi- 


brations ate performed alike: therefore their angular velocities 
muft be equal. That is. 
| s 
eee Oh heh i OE | 
So = 5a0 ANE stig alana | 3 
But (by Prop. XCII. ) 
—SexpA+ Sa oT Sd xr = Sg x pA + 9B + 10 
therefore SO = “alee Ota ah 0s aa ae 
iAR MA Whale SGX pA + gB +76 
Yocronal pendulum, out of the fluid, A. 
a Cor. 


» the length of aw 


— Sex pA + SuxqB+ Sdxrl _ 


. isp 


FIG. 
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~_ 


Cor. 1. Hence if the bodies are Saale then pp =4q= 1s gh 


AxXSA* 4+ BxSB* + C x SC 


ae ERC 


Cor 2. The fyftem makes an exceeding {mall vibration in the fui, | 
in the fame time that a fimple pendulum, ag lengtb is 


AXSA: + BX SB* + Cx. SC 
SGxpA+qB+rC ”? 


makes a vibration 1 in VACHO. 


iS inconfiderable. 


For the velocity of the fyftem nee very fat the refiftance 


Cir 9, Hiehce if SA be the og of ee dean: A ae 


brating in @ fluid : then e is the length of an pa a ai 
in vacuo. 

Ax SA éa $4 
SAxpA. p- 


For in a fingle body, SO = 


Cor. 4. And if ? be negative, or the pendulum fpecifically lighter 
than the uid the pendulum will turn upfide down, and vibrate up- 


wards in the fluid. And the length of an ifocronal a out of 


the fluid, will be > as before. 


SCHOLL 


The center of percuffion is the fame in a fluid as out of it. 
For there is nothing concerned in that, but the quantities of 
matter and velocities ; both of which are the fame in the fluid, 
as out of the fluid. 

The relative gravities p, g, r are found by the Schol. oF the 


_. loft Prop. 


PROP,  XCIV: 


Uf a fluid runs thro’ any tube, pipe, or canal, and always Sills its ee 


its velocity in any place will be reciprocally as the feétion in that 
place. | 


Let 


te) 
Fh 


ae eS eet is 


oa a 


A 
he 
e. 
mt 
: . 
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Feet AB, CD be two fections at 4-and C; and let the quan- 
tity of the fluid ABDC, in a very {mall time, be tranflated into 
the part abdc of the pipe. Draw Pp, Qq¢-perpendicular to 4B, 


‘CD, or parallel to the motion of the fluid; then Pp, 9g being 


indefinitely fmall, will be the velocities of the fluid at P and 


_ Q, or the fpaces defcribed in that fmall part of time. Then, 


becaufe the pipe is always full, the quantity ABDC = abdc. 
Take from both, the part 2z)DC, which is common ; and there 
remains 4Bba—CDadc, that is the fection. APB x Pp = fection 


CQDXQq. | 


Cor. 1. The quantity of motion of the fluid in the pipe AD, at 
any fettion CDs is equal to the motion of a cylinder of that fluid, 
whofe bafe 1s GD, and length the fame with the pipe from the be- 
ginning to that fetiion, and velocity that of the fluid at CD. Or 
the quantity of motion at CD, is as the length of the pipe to that 
fection CD. | . 

I 


For fince the velocity in 4 is as —__, the motion of 4Bba 


i APB 
As =: that is as Pp; and the motion of the whole, is as the 


~ fum of all the Pp, or the length of the pipe, without any regard 
to the diameter 4B. The cylinder whofe bafe is CQD, and 


hight PQ is = PQxCQD ; and its motion with velocity at C, 
iS Soe = PQ the length of the pipe, as before. 


Cor. 2. If water is driven through the pipe PR by fome given 
force aéting at P, and the length of the pipe PR be given; tke 


s 


quantity of water difcharged at R, in a fecond, or fome given time, — 


will be as tke feétion at R. 
_ For if the force is given, the motion generated in a given 
time, will be given; and this motion, being as the quantity 


_ of water x velocity at R ; therefore the quantity forced through 


R, will be reciprocally as the velocity, or direétly as the fection 
at R, by this Prop. De 


_ Cor. 3. The velocity and quantity of motion, is the fame very near 
in crooked tubes asin freight ones, and in pipes divided into feveral 
A. taking’ the fection of all the branches as the feftion of 
one tube, : . 


B37 


FIG. 
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In any pipe whofe fection is ABCD, the fire/s or force to {pit any 
part of tbe pipe at B, is equal to half the prefjure of the fluid 
upon the plane BD, drawn perpendicular to the curve in B, and 
of the fame length as that part of the pipe. | 


Let Ee be any fmall part of the furface; draw EO perp. to - 
the curve Ee. Draw EN, en perp. to BO, and er perp. to AN, 
And let OE reprefent the- preflure of a particle of the fluid, 
then EO x Ee = prefflure upon Ee. The force OE may be di- 
vided into the two ON, NE; of which ON tends only to {plit 
the tube at 4, but that in direction WZ is the force to feparate 
the parts at B. Therefore EN xEe is the ftrefs at B. But the 


fe triangles Eer, EON are fimilar, and EexEN= EO x er, or 


EO»xNu. Therefore the part of the preffure-on He, in direc- 
tion NE, from whence the ftrefs at Barifes, is = HOxNzn, that 
is — to the preffure upon the plane Nz. Confequently the ftrefs 
arifing, from the preffure on BE is = preffure on BN, and 
from the preffure on B4 is = prefiure on BO. And:the ftrefs 
at D by the preffure on AD, is equal to the preflure on OD. 

Alfo we fuppofe the fame forces acting in the femi-circle 
BCD : but thefe ferve only to keep the forces, acting upon 
BAD, in equilibrio. | 


Cor. 1.. The fires on any part of a pipe full of water, is as the 
diameter of the pipe, and the perpendicular height of the water above 
that place. And confequently the thickne/s of the metal ought to be 
in that ratio. al 


Cor. 2. In any concave furface, cafe, or veffel, generated by re- 
volving round an axis, and filled with a fluid, the firefs as to 
Splitting is equal to half the prefure upon the plane paffing through 
its axis. And the ftrefs on both fides at B and D, equal to the 
whole preffure on that plane, ; | 


Cor. 3. Hence the internal preffure om any length of the pipe, is 
to the firefs it fuffers as to [plitting : : as 2X3.1416, to 1. 


Cor. 4. Hence it follows, that the firefs, arifing from any pref- 
fure, upon any part, to fplit it longitudinally, tranfver{ely, or in 
| , any 


a 
So ae 


> 
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any direttion, is equal to the prefure upon a plane, drawn perpendi- ¥ 1. 
cular to the line of diretiton. Thus the firefs arifing from the pref- 135. 

fare on BE is = prefure on BN. ~ | 


Cor. 5. And if the pipe be flexible; it will, by the preffure, be 
put into a cylindrical form; or fuch that the feéfion ts a circle. 

For if BD be greater than AC, there will be a greater pref- 
fure in direction O4 than in direction OB. And the greater 
preffure will drive out the fides 4 and C, till 49 become equal 
to BD; and ABCD beacircle. Befides, a circle is more ca- 
_ pacious than any other figure. And if a pipe be not flexible, 
yet the preffure of the fluid will always endeavour to put it 
into a circular figure. 


Cor. 6. And if an elaftic compreffed fiuid be inclofed in a veffel, 
_ fiexibie, and capable of being diftended every way ; it will form itfelf 
into a fphere, for the fame reafon. 


PROP. XCVL 


If a clofe flexible tube AB full of air, be immerfed wholly or in part 136. 
in the water CDEF; the force io fplit it, in any place O, is 
_ proportional to AO, its height from A. 


For the air comprefied at 4 is in equilibrio with the external 
preflure of the water. At Band O the air is in the fame com- 
prefied ftate as in 4, but the external preffure at B, is lefs by 
the weight of the column of water 4B: and at any place O, 
the external preffure is lefs than in 4, by the weight of 40; 
therefore the internal preffure at O exceeds the external, by the 
weight of the column of water 40. And the ftrefs at O is as 
that excels. 


Cor. 1. The firefs is greateft at the top BG, and at Ais nothing. 


Cor. 2. If the tube be inflexible, the ftrefs will be according to 
the fate of the compreffed air within it. If the air within, be the 
fame as the external air at B, then the firefs at O is as BO. If 
it be lefs then the external air, the increafe of the ftrefs will be 
alfo as BOs aéting at the outfide. If it be of very great denjfity, 
the increafe of firefs at O is as AO. | 
Be os A ee Nagas For 
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HYDROSTATICS, &c. 
For the preffure within is uniform, but without, it is as the 
depth of the water. * Oe | 


POR OURO OV IL. 


The quantity of a fluid flowing in any time through a hole in the 
bottom or fide of a veffel, always kept full ; is equal to a cylinder 
whofe bafe is the area of the bole, and its length the {pace a body 
will defcribe in that time, with the velocity acquired by falling 
through half the height of the liquor above the bole. 


Let ADB be a vefiel of water, ‘Bthe hole, andtake BC—BD 
the height of the water. And let the cylinder of water BC fall 
by its weight through half DB, and it will by that fall, ac- 
quire fuch a motion, as to pafs through DB or BC uniformly 
in the fame time, by Cor. 3. Prop. XIV. But (by Prop. 
LXXXIII. and Cor, 2.) the water in the orifice B is preffed 
with the weight of a column of water, whofe bafe is B and 
height BD or BC; therefore this preffure 1s equal to the weight 


of the cylinder BC. But equal forces generate equal motions: — 


therefore the preffure at B, will generate the fame motion in the 
fpouting water, as was generated by the weight of the cylinder 
of water BC. Therefore in the time of falling through half 


DB, acylinder of water will fpout out, whofe Jength (or the - 


fpace paffed uniformly over) is BC or BD. And in the fame 
time repeated, another equal cylinder BC will flow out, and in 
a third part of time, a third, Gc. Therefore the length of the 


whole cylinder run out, will be proportional to the time, and — 


confequently the velocity of the water at B is uniform. There- 


fore in any time, the length of a cylinder of water fpouting out, 
will be equal to the length defcribed in that time, with the 
velocity acquired by falling through half DB..- | 


Cor. 1. Hence in the time of | falling through half DB, a quan- 


tity of the fluid runs out, equal to a cylinder whofe bafe is the bole; 
and length, the height of the fluid above the hole. 


Cor. 2. The velocity in the bole B is uniform, and i equal te 
that a heavy body acquires by falling ibrough half DB. | 


“ \ 


Cor. 


7 ee”, ae 
. cS a. 
: Ths 


_and the velocity increafed in the fame ratio. 


the fluid. 


the heights. 


_ from the refiftance of the air, the friction of the tubes, the big- 


Se. IX. . CHYDROSTATICS, *&c. 


Cor: 34 ; But ait a fmall difiance without the hole, the ftream is 
contratted into a lefs diameter, and its velocity increafed , fo that if 
a fluid [pout through a hole made in a thin plate of metal, it ac- 


quires a velocity nearly equal to that, which a beavy body acquires 


by falling the whole height of the ftagnant fluid above the bole. 
For fince the fluid converges from all fides towards the cen- 


ter of the hole BF’; and all the particles endeavouring to go on’ 


in right’ lines, but meeting one another at the hole, they will 
comprefs one another. And this compreflion being every where 


directed to the axis of the fpouting cylinder; the parts of the 


fluid will endeavour to converge to a point, by which means 


the fluid will form itfelf, into a fort of a conical figure, at fome 
diftance from the hole as BEGF. By this lateral comprefiion, 
the particles near the fides of the hole are made to deicribe 
curve lines as HE, KG; and by the direct compreffion, the 
fluid from the hole is accelerated outwards at EG ; and thus the 
ftream will be contra¢ted at £,.in the ratio of about ,/2 to 1, 

It muft be obferved, however, that the particles of the fluid 
don’t always move right forward; but near the edge of the 
hole, often in fpiral lines. For no body can inftantly change 
its courfe in an angle, but muft do it gradually, in fome curve 
line. | 


Cor. 4. The fluid at the fame depth, [pots out nearly with the 


fame velocity, upwards, downwards, fideways, or in any diretiton. 


And if it {pout vertically, afcends nearly to the upper furface of 


Cor. 5. The velocities of the fluid, [pouting out at different depths, 
are as the {quare roots of the depths. es eth 
For the velocities of falling bodies are as the fquare roots of 


Cor. 6. Hence if sx16 ts feet, D = depth of the veffel to the 
center of the bole, F = area of the hole, allin feet, t=time in 
feconds. Then the quantity of water running out in the time t, by 


this Prop. will be tFy/2Ds feet, or 6.12812 )/ 2Ds ale gallons. 


: Be os 49 al 
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There are feveral irregularities in fpouting fluids, arifing 


nefs 
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_ charged by all the 
But the parabola is to the parallelogram, as 3 to 1. , 


; HY DR O STARE YC 62: bce. « * 

nefs and fhape of the vefiel, or of the hole, &c. A fluid fpouts 
fartheft through a thin plate; if it fpout through a tube inftead 
of a plate, it will not fpout fo far; partly from the friction, 


and partly becaufe the ftream does not converge fo much, or 


erow fmaller. A jet de’au fpouts higher, if its direction be a 


Tittle inclined from the perpendicular ,; becaufe the water in the 


uppermoft part of the jet, falls down upon the lower part and 
ftops its motion. We find by experience, a fluid never fpouts 
to the full height of the water above the hole; but in fmall 
heights falls fhort of it, by fpaces, which are as the fquares of 
the heights of the fluid. And “ll bodies projected upwards, 


fall fhort of thefe projected in vacuo, by fpaces which are in 


the fame ratio; from the refiftance of the air. 

By experiments, if the height of a refervoir be's feet, a jet 
will fall an inch fhort; and the defect will be as the fquare of 
the height of the refervoir. But {mall jets fail more than in that 
proportion, from the greater refiftance of the air. 


PROP. XCVIIL. 


\ 

If a notch or fit, fbi, in form of a parallelogram, be cut out of 
the fide of a veffel full of water, ADE; the quantity of water 
flowing out of it, will be % the quantity flowing out of an equal 

orifice, placed at the whole depth gi, or at the bafe bi; in the 
fame time: the veffel being fuppofed, to be always kept full. 


For draw the parabola gob, whofe axis is gi, and bafe hi, 


and ordinate va; then fince the velocity of the fluid at any - 


placer, is as4/gr, (by Cor. 5. of the laft Prop.) that is (by 
the nature of the parabola) as the ordinate ro; therefore ro will 
reprefent the quantity difcharged at the deptlr or fection rn. 
Alfo i will reprefent the quantity difcharged at the depth or 


_bafe 47. Confequently the fum of all the ordinates vo, or the 


area of the parabola, will reprefent the quantity difcharged at 
all the places vz. And the fum of all the-lines 47 or rz, or the 
area of the es 

e 


€tions 7m, placed as low as the bafe bi, 


Cor. 


ram fghi, will reprefent the quantity dif- » | 


* 
/ 


sea. IX. SHYDROSTATICS, ‘&e., 


Cor. 1. Let sO 72 ws feet. D=gi, the depth of the fit. Po 
area of the flit, foig. Then the quantity flowing out in an time 
or number of feconds t, is = 3 tFy\/2Ds. 

This follows from Cor. 6. of the laft Prop. 


Cor. 2. The quantity of fluid difcharged through the bole rnbi, 
is to the quantity which would be difcharged through an equal hole 
placed astow as bi, as the parabolic fegment robi, to the retiangle 
rnbi. | 
ie his appears from the reafoning i in this propofition. 


>. — 
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The refiftance of fluids, their forces and attions 


A. body defcending in a fluid, adds a quantity of weight to the fluid, 


upon bodies ; the motion of fhips, and pofition 


of their fails. 


PROP. XCIX. 


equal to the refiftance it meets with in falling. 


For the refiftance is equal to the gravity loft by the body. 


And becaufe aétion and re-action are equal and contrary, the — 


_» gravity loft by the body, is equal to that gained by the fluid. 


Therefore the refiftance is equal to the gravity gained by the 
fluid. és | ; 


Cor. 1. If a body afcends ina fluid ; it diminifbes the gravity of 
the fluid, by a quantity equal to the refiftance it meets with. 


eer. 2. This increafe of weight arifing from the refiftance, is 
over and above the additional weight mentioned in Cor. 1. Prop. 
LXXXV. ete 


Cor. 3. If a heterogeneous body defcend in a fluid it will endea- 
vour to move with its center of gravity foremoft, leaving the center 
of gravity of as much of the fluid, bebind. , 


For the fide towards the center of gravity, contains more. 


matter, and will more eafily make its way through the fluid ; 
and be lefs retarded in it. 


PROP. 


= jy =. 
a 


Sea. X. RESISTANCE or FLUIDS, 


PROP. c- 


Tf any body moves through a fluid, the refiftance it meets with, is as 
| the fquare of its velocity. 


For the refiftance is as the number of particles ftruck, and the 
velocity with which one particle is ftruck. But the number of 
particles of the fluid which are ftruck in any time, is as the 
velocity of the body. Therefore the whole refiftance is as the 
fquare of the velocity. | 


- Cor. 1. The refiftances of fimilar bodies moving in any fluids, are 
as the {quares of their diameters, the Squares of their velocities, and 
the denfities of the fluids. = = = | 

For the number of particles ftruck with the fame velocity, are 


as the {quares of the diameters, and the denfities of the fluids. 
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Cor. 2. If two bodies 4, B, with the fame velocity, meet with 


I 


the refiftances p and 43 their velocities will be as 52. and UE, 
Ap TEN, AAD be alg 


when they. meet with equal refjtances. 


- For let 4 be the common velocity, then p: bb::¢: sh and 


Lf 3 = velocity of 4to have the refiftance q; and fince 2 — 


velocity of B to have the fame ‘refiftance q; therefore vel. 7: 


vel. B:: 34 EEE og Linge 
| se SP Vd 


PROP. CL 


The center of refiftance of any plane moving direéily forward in a fluid, 


2s the fame as the center of gravity. 


The center of refiftance is that point, to which if a contrary 
force be applied, it hall jutt fuftain the refiftance. . 
Now the refiftance is equal upon all equal parts of the plane, 
and therefore the refiftance acts upon the plane, after the fame 
U manner 
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- RESISTANCE or FLUIDS. 
manner, and with the fame forces as gravity does ; therefore the 
center of both the refiftance and gravity muft be the fame. ‘ya 


Cor. 1. In any body moving through a fluid, the line of direétion 


of its motion will pafs through the center of refiftance, and center of 


gravity of the body, ee 
For if it do not, the forces arifing from the weight and refift- 
ance, will not balance one another, which will caufe the body to_ 


~ fibrate or ofcillate in the fluid ; till by degrees the fituation of 
-‘thefe two centers will fall into the line of their motion. _ “ys 


Cor. 2. And for the-fame reafon , if a globe, moving. im a fluid, 
ofcillates or turns round its axis; that fide, which tn ofcillating 
moves againft the fiuid, fuffers. a greater force or refiftances; and — 
therefore the body is driven from that part, and made to recede from 
that fide, and deflect to the other fide; and perbaps -defcribe a Curve 

'strisg to asec 30 


iis i 
° 


PROP. Cll. 


If a non-tenacious fuid, fuch as the wind, 8cc. move againft the fail 
SA or any plane furface, in direction WS.5 tt foail urge it ina di- - 
reftion WA perpendicular to that furface, with a force, which is 
as the fquare of the velocity, the [quare of ibe fine of the angle of 


_ incidence, the magnitude of the fail, and the denfity of the fimid. 


Draw WA, AC perpendicular to $4, SW; and the force of the 
fluid upon $4, is as the force of one particle, and the number 
of them falling on Sz. eFie. 

But (by Cor. 1. Prop. 1X.) the force of one particle is as its: 
velocity x S.incidence WSA, : 

And the number of them (fuppofing the denfity to be given) 


- is as their velocityxC.4, or (fuppofing the fail $4 given) as the 


velocity x S$. WSA. hie 
Therefore the force of the fluid upon the fail $4, is as the 
fquare of the velocity, and the {quare: of the fine of WS. 
Increafe the denfity of the fluid, and the magnitude of the 


fail, in any ratio; and it’s evident the force of the fluid againtt 


the fail, will be increafed in the fame ratio. 


Cor. 


sea: X, RESISTANCE or FLUIDS, 


Cor. 1. And if a thin body move in a fiuid at reft ; the fame law 


holds in refpet of the refifiance it meets with, in the direSion perpen- 
dicular to tts furface. | ORs 


Cor.2. If a fluid with a given velocity move in direétion WS, a- 
gainft the fail SA ; its force to move the fail in any given direttion 


“SB, as a5 the fquare of the SIVSA xX by the 8.ASB. And if WSB 


be a right angle, as SWSAX fine of twice WSA. | | 
For let SD, DB be perpendicular to $4, SB. Then SD is the 


whole force atting at S, and SB. the force in direction SB, and 


SB is as SSDB or ASB. And if ASB be the comp. of WS, 
then SWSA x col. WSA is as S. twice WSA, by trigonometry. 


Cor. 3. The force of a fluid in direltion WS, to move the fail or 


body SA in the fame diredtion WS is (ceteris paribus) as the cube 


of the fine of incidence WSA. 
For then VSB will be one continued ftreight line. » 
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_ Cor. 4. But the force of a given fiream of a fluid, againft any ‘ 


fail SA, to move it perpendicular to its furface, is fimply as the 8: 


angle of incidence : but to move it in the fame direéttion with itfelf, as 
the fquare of the S. incidence: all things elfe remaining the fame. 
This follows from Cor. 1. Prop. IX. and Cor, 2. of this. 


Sor Or. 2 


If the angle W’SB be given ; the fluid will have the preateft 
force poffible againtt the fail, to move it in dire@tion SB ; when 


3ts_pofition is fuch, that the fine of the diff. of che angles 


WSA—ASB, may be } the fine of the fom WSB. 
OC FE 


If the fluid be tenacious it will urge the body in the fame direc- 
tion with itfelf, and-with a force which is as the fine of inci- 
dence : or univerfally, as the fine of incidence, the {quare of the 
velocity, the magnitude of the fail, and denfity of the fluid. 

For by reafon of the tenacity of the fluid, the fail is acted on 


_ by both the forces WA, AS, which are equivalent to WS. 


t 
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RESISTANCE or FLUIDS, 
PROP, Cll. 


If a very thin ané light body SA, plain on both fides, be placed in 
a very denfe fluid, which moves in direétion WS; and the body can 
make little or no way thro’ the fluid, but only in the direttion of 
its lengthSA. And if the body be obliged to move parallel to it/elf 
in a given direciionSD. I fay the body will be fo moved in the 


fluid, that its abfolute velocity will i = es 
ithe fluid. | 


x velocity of 7 


Draw Df parallel to 4S, and produce WS to 7. ‘Then whilft 
a part of the fluid moves from S to 7, the body will be moved: 
into the line TD; and fince SD is the direétion of its motion, the 
point § will be found in D. And therefore the velocities of the 
fluid, and of the body, will be as ST to SD ; that is, as S.TDS 


‘or DSA, to S.STD or WSA. 


Cor. 1. If WS the direttion of the fluid, is perpendicular to SD 
the direttion of the body, then the velocity of the body SA will be = 
tan. WSA x velocity of the fluid, 

SHSA SIV EA 5. 9: pail Fs 
For oy Or eA tan. WSA, radius being = 1. 
Cor. 2. And hence if the body SA continually turn round an axis pa- 
rallel to WS.; then the velocity of Sin direttion perpendicular to 
WS, will be as theTan.WSA xX velocity of the fluid. : 
For S$ in this cafe, will always have the fame pofition to the 


direction of the fluid, as before. 


143. 


Cor. 3. If a very thin body SA be obliged to move parallel to itfelf, 
through a very denfe fluid at reft; and if it be drawn with a given 
velocity in diretiion always parallel to SW. Its abfolute velocity in 
the fluid, will be reciprocally as the cof. WSA, and in direttion SA. 


Draw AC perpendicular to SW. . Then-by reafon of the den- 
fity and refiftance of the fluid, the body will not be able to move 


laterally, but only in diretion $4. But the velocities of the — 


point § in directions SW, SA, areas SC to SA, or as cof. CSA to 


Fg Therefore vel. in direction SA = eer x vel. in direc. 
tion SW. 


‘PROP. 


Seat. XK. RESISTANCE or FLUIDS. 


PROP. CIV. 


If a plane furface SA, moving parallel to itfelf, with velocity and 
‘direttion SD, be atted upon by a fluid moving with velocity and 
direttionWS. And if WF be drawn parallel and equal to SD ; and 
FS drawn. I fay the fluid atts upon the plane in the angle FSA, 
with the relative velocity FS. He DE Sy) 


For compleat the parallelogram SDF; and let the body be 
at reft, and the fluid move with the contrary motion DS or FW; 
and then their relative motions will be the fame as before: 
and the fluid will have the two motions FY, FD in refpect of 
the body Sat reft. Therefore (by Cor. 2. Prop. VII.) the mo- 
tion compounded out of thefe is FS'; which is the abfolute mo- 
tion of the fluid, fuppofing the body at reft ; or the relative mo- 


tion of it, in refpect of the moving body ; and therefore aéts on 
it inthe angle PSA. | 


- Cor. If F falls in the line SA, then the fluid aéis not at all upon 


the body. And if it fall on the contrary fide of it; then the fluid 
aéts on the contrary fide of the body SA. ~ | 


S<C\ HQ; Li. 


The fluid will move the furface in direction SD, with the 
createft force ; when it‘ has fuch a pofition, that the fine of the 
diff. of theangles, FSA — ASD, may be the fine of the angle 
PSD a | 

And when the angle WS is given, the fluid will have the 
greateft force upon the fail 54, to move it in direction SD, when 


the S. angle ASD is equal to x sthe 8. of WSA. 


PER GaP ae, 


“Let SA be the fail of a foip, SD the pofition of ber keel; SK, DK 


i perpendicular to SA, SD. Andif DE, DS be as the refiftances 
the foip has ahead and afide, with equal velocities; and if DC is 
by . a Mean 
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RESISTANCE or FLUIDS. 


a mean proportional between DE and DK, then SC will be the 


way of the {bip nearly. | 


For let SK perpendicular to SA reprefent the force of the wind 
upon the fail. The force SK is refolved into the forces SD, DK ; 


_SD is the direct force, and DK the force producing her lee way. 


By Prop. C. her refiftance ahead with velocity SD : refitt. ahead 

i | oe with vel DE :: SD2aes 

and refift. ahead with vel. DE: ref. afide with vel. DE: : DE: SDs 

and ref. afide with vel. DE: ref. afide with vel. DC : : DE* : DC*. 
| Therefore ex equo. 


Ref. a head with vel. SD: ref. afide with vel. DC:: SD x- 


DE}: DE*xSD x DC+:: SDx DE: DC. |. 
But the refiftances are as the forces producing them, therefore 
SD:DK::SDxXDE: DG? = DEXDK. . 


Cor. 1. Let r = foip’s refiftance ahead, R= fit’s refiftance afide, 
with the fame velocity. Then R:r:: radius X cotan. ASD : tan. 
fquare of DSC, the leeway. : 

For let rad. = 1. tan. DSK =¢. Then it: ¢:: 8D: DK= 
#xXSD ;and SD: DC or /DE x DK or ft XSDXDE:: 1: 


tan’ DSC = = xa 


_ Cor. 2. Hence the tangent of the lee-way, ‘in the fame foip, is as 
the fquare root of the cotangent of the angle ASD, which the fail 


makes with the keel. Therefore if the leeway be known for any pofi- 


‘tion of the fail, it will be known for all. 


Fate Beet x bh, 8 fol BS 


The leeway of a fhip is generally fomething more than is here 


_ afligned ; becaufe her hull and rigging will make her drive a. lit- 


- tleto leeward, direétly from the wind. 


PROP. CVI 3 
If the wind with a given velocity, in direction WS, fall on the fail 
SA of a fhip, making little or no leeway ; it will urge the foip in 


~  direttion of the keel SD, with a force, which is as SWSA xS.ASD. 


Draw 


,4 uy 


os 


get. X. RESISTANCE or FLUIDS. 


CII.) the force acting upon the failin direction SC, is as the {quare 
of the fineof WSA. But the forces in directions SC and SD are 


as SC to SD, or as radius 1 to the fine of SCD or ASD. ‘There- 


fore the force in direction 5D =. S.ASD x force in direction SC 
— S:ASD x 8°WSA. Dh sh 


Cor. 1. The force atting in direttion DC perpendicular to the keel, 


-isas SWSA’ x cof. ASD. 


Cor. 2. The force in direttion SD will be univerfally as SWSA 


x S.ASD, and the (quare of the velocity of the wind, and magnitude 


of the fail. | 
Cor. 3. The velocity of the foip in direétion 8D, is as SWSAX 


/S5.ASD x velocity of the wind. 


For the {quare of the velocity of the fhip in any direction, 1s 


as the refiftance in the water, or (its equal) the force of the wind 
upon the-fail in that dire€tion ; that is (by Cor. 2.) as SSA : 
x §.ASD, and the {quare of the velocity of the wind. The. 


denfity, and fail being given. 


Cor. 4. Let the angle WSA be given. Andif SDC bea Semicircle 
deferibed on any given line SC ; then the force in any direction SD of 
the keel, is asthe cordSD; and the velocity as /5D. 


0 Cars 5. The velocity of the foip to windward, isasSWSA X 


J/S.ASD x cof. WSD. 
For draw SP perpendicular to WS, and DG to SP; and the 


~ velocities in directions SD, ‘GD are as SD to GD, or as radius 1 
to $.DSG:: therefore the velocity in GD = $.DSG X SWSA xX 


A 73.ASD. 


Cor. 6. The force of the fail SA ta turn the foip about, is 


as SWSA. x cof. ASD. 


This appears by Cor. 1. fuppofing the fail placed in the head 
iat. a ‘ . 


PROP. 


a 


‘FIG. 


Draw SC perpendicular to S/4, and CD to SD. And (by Prop. - 
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PUR O-RAMGMIL 7: gd: (319 


If a ftream of any fiuid as water, flows directly againft any plane 

_ furface; its force againft that plane, is equal to the weight of a 1 
column of the fluid, whofe bafe is the fettion of the ftream; and = 
its length, twice the height defcended by a falling body, to ac- 
quire the velocity of the fluid. me 


Let s=16 v2 feet, the height defcended by a falling body in’ to 
‘goad aeCONC. +) | ota ot 
v=velocity of the fluid, or the fpace it defcribes in one 
| _fecond. ! 
B=bafe of the cylinder, or column of water. 
Then 2s=velocity generated by gravity in falling through s. 
~ Therefore (by Cor. 1, Prop. XIV.) roe 


UV Revit ; ae 
455253: vv :—— = height fallen to gain the velocity v. | 
) tees TEE ae : | 


And — = twice that height. Alfo B= a cylinder of 


twice that height. | 
Now the motion which the cylinder’s weight will generate in 


: UU | ‘ 
1 fecond, is 25% ae B; or vvB; the motion being as the 


body x by the velocity. And the force of the fluid: againft the 
plane, is equal to the refiftance of the plane. And the motion 
_ deftroyed in 1 fecond by the refiftance of the plane, is vuxBv or 

vvB ; which was alfo the motion generated by the weight of 
UU 
2 


the cylinder — B, in the fame time. - But equal forces in the 

fame time generate or deftroy equal motions. Therefore the — 

weight of the cylinder —— 8 = force of the fluid againft ‘the ‘ 

plane. | 
Cor. 1. The force of a ftream of water againft any plane, is equal . 

to the weight of a column of water, whofe bafe is the fettion of | 

the fiream, and height — or the height of the water, if it a 
flow through a bole at the bottom of a refervoir. 


Cor. 2. Moreover if any part of the water lie upon the plane; 
the force will be augmented by the weight of fo much water. 
Nae | Cor. 


- 
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ie i we : hee Ath ; | : ; ; ; 
Cor. 3. The forces of different fireams of water againft any | 


ie plane, are as their fetitons and the fquares of the velocities. 


di Cor - 4. If the plane be alfo in motion ; the relative velocity of 
the water againft the plane, mujt be taken inftead of the abfoluie 
— velocity. rt Ti : : 

a SCE Oy Bs, 


A cubic foot of water contains 6.128 ale gallons, and weighs 
62zlb. aver. ede | 


LEMMA. ,. 


if the quadrant EDA revolve about the radius CA, and defcribe 

an hemifphere ; and from all the points of its furface, as D, d, 
perpendiculars DB, db, be let fall upon the bafe EC. I fay the 
_ fum of all the perpendiculars BD, in the furface EDA, is to the 
_fum of as many radii CD; as 1 to 2. Sparagicd 


_ For take Dd infinitely fmall, and compleat the fquare CAHN, 
and draw CH, alfo draw DFGR, dfgr parallel to EC. By the 
fimilar triangles CDF, Dud, DFxDd=CDxnd; alfo BD=CP 
PG: , 

The furface of the fpherical annulus DdfF is 3.1416x% 2DF 
xDd or 3.1416x2CD xnd, that is (becaufe 3.1416xX2CD is 
given) as nd or Ff. And the fum of all the BD’s in the annulus 
is as BD x by its furface, that'is as BDXFf, or FCXFf. There- 
fore te fum of all the BD’s in the annulus is expreffed by the — 
area FfgG. And for the fame reafon, the fum of as many 
radii, by FfrR. Therefore the fum of all the BD’s in the 
hemifphere : is to the fum of as many radii : : as the fum of 
all the F/G : to the fum of all the F/rR : +: that is as the tri- 
angle CAH : to the fquare CAHN, or as 1 to 2. 


PROP. CVIIL. 


If a cylinder moves uniformly forward, in direttion of its axis, in 
@ fiuid of the fame denfity ; it meets with a refiftance, equal to 
the force which can generate its motion, in the time it defcribes 
twice its length. | 

: | 4 Let 
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Let 4B be the cylinder moving from 4 towards G, and take 
FBCG equal to ASBF. And let us firft fuppofe that the cylin- 
der AB, whilft it moves forward, pufhes againft the feveral 
parts of the fluid, and drives them fucceflively before it, in di- 
reGtion of its axis, from the feveral places through which it 
paffes. So that in equal times it moves equal quantities of the 
fluid, and communicates to them the fame velocity that it~ 


_ moves with. = It is evident that the cylinder, after it has moved 


uniformly forward, the length of its axis, has removed the cy- 
linder of the fluid FBCG equal to itfelf ASBF, and has com- 
municated a motion to it, equal to its own. And fince action 
and re-aétion are equal, the force that uniformly generated this 
motion, is equal to the uniform refiftance the cylinder fuffered 
in the meantime. And therefore the refiltance is equal to the 
force by which its own motion can be generated, in the time 
it defcribes its length. i 

All this is true upon fuppofition that every particle of the 
fluid is driven dire@tly forward, with the fame velocity the cy- 
linder has. But fince in reality, the motion generated in the 
fluid is not direétly forward, but (by Prop. LXXX.) diverges 
on all fides, and in all manner of directions CD, Cd, Ge. 
Therefore if the quadrant 4E be divided into an infinite num- 


_ ber of equal parts, Dd, and to all the points D, d, the radit 


CD, Cd, &&c. be drawn, reprefenting the motions of the par- 
ticles in all directions ; and from any one D, the perp. DB be 
drawn on EC. Then the motion CD (= CZ) is refolved into 
the two motions CB, BD; of which CB does not affect the cy- 
linder; and the direct motion of the particle D is only BD, | 
which is lefs than CD. ‘Therefore the force to generate this 
motion, and confequently the refiftance of a particle at D (equal 
to this force) muft be lefs than before in proportion of CD, to 
BD. ‘Therefore the former refiftance, when all the particles 
are driven direétly forward; to the refiftance when they diverge: 
on all fides; is as the fum of all the radii CD, drawn to every | 
point of the furface of a fphere, to the fum of all the corref- 

ponding fines BD;, that is (by the Lem.) as2to 1. There- 
fore the refiftance the cylinder meets with now, is but half the 


- former refiftance. Confequently, fince the force to generate 


any motion is reciprocally as the time; the refiftance will be 
equal to the force that can generate its motion, in the time that 


it defcribes twice its length. 


Cor. 
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FIG, 


Cor. a: Ta cylinder moves in direttion of its axis, in a fiuid of 148, 


the fame denfity, and with the velocity acquired by falling in vacuo, 
from a height equal to tts length : it meets with a refiftance equal 
to its weight. | | 

For the force that generates its motion, in the time of its 
moving twice its length (or of falling through once its length), 
is its gravity. | 


Cor. 2. If a cylinder moves uniformly forward in any fluid ; its 
refifiance 1s to the force by which its whole motion may be Lenerated, 
in the time of moving twice its length; as the denjity of the fluid, 
to the denfity of the cylinder. , 


For if the denfity of the fluid be increafed in any ratios the | 


refiftance will be increafed in the fame ratio. 


Cor. 3. The refiftance of a cylinder moving in any fluid, is equal 
to the weight of a cylinder of that fluid, of the fame bafe, and its 
length equal to the beighi a body falls in vacuo, to acquire its velo- 
city. By Cor. i. | 3 


Cor, 4. Let s16 v2 feet, B= bafe of the cylinder, -v = its 
‘velocity, or the pace defcribed in 1 fecond. Then its refiftance is 


= weight of the cylinder oe B, of the fluid, 
RS Cr ou c* 


If the cylinder move in a fluid inclofed in a veffel ; inftead 
of the abfolute velocity, the relative velocity in the fluid muft 
be taken, in order to find the refiftance. And befides, if the 
veflel be narrow, the refiftance will be increafed more or lefs, 
becaufe the fluid, being confined by the veffel, cannot then 
diverge in all dire@tions. And if it be fo confined, that it can- 
not diverge at all, but is obliged to move dire€tly forward; 
the refiftance then will be double ; which is the greateft it can 
poffibly have, or the utmoft limit of its refiftance. Alfo by 
comparing the laft Cor. with Cor. ¥. ‘Prop. CVII. it appears 
that the force of a cylinder of water again{t a plane, is double 
the refiftance an equal cylinder would meet with, moving in 
water with the fame velocity. And this will not appear ftrange, 


when we confider, that in the firft cafe the whole motion of 


the water is deftroyed by the refiftance of the plane 5 but in the 
latter cafe, the water diverges every way from the moving cy- 
a oe X 2 3 cylinder, 
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cylinder, and does not partake of its direét motion. But if 
the water was not fuffered to diverge, but was driven directly 
forward with the motion of the cylinder; the refiftance would 


then be doubled ; and -thefe two cafes would become the fame. 


147. 


149. 


-LEMM A. 


If the quadrant ADE revolve about the radius CA, and generate 
an hemifphere, and on every point B of the bafe, perpendiculars 
BD be drawn. I fay the fum of all the BD* on the bafe, is to 
the. fum of as many CD*, ast to.2.. © | 


Let CD=r, CB=x, BD=y, c= 3.1416 ; then’ 20x — cit- 
cumference of BC. Then, « | OH 
The fum of all the zr : to fum of all the yy, in the annulus Bd, 
Is as 2¢xxXrr : tO 2KXX YY 227TH 2 VM, 
And fum of all thevr 2 fum of all the yy, in the hemifphere, 
is as. fum: r7x x Bo: fum yyx x Bd, on the bafe; 
Or as fum of. rrx x Bb : fum<of rr—xx xx x Bb, 
Or as the fum of rrxxBd : fum rrx~xBb—fum x3xBd, in the 


bafe. ; | 
+f But the fum of all the yxBb=1-4+2+434-4, ec. to rx1 
aie ser: a ) i: ? 


+ And fum of all the 9K xX Bh= 5 v4. putting Bo=1. 
+ Alfo the fum of all the «3xBd= 13 +234- 33-4443, &. tors 
Kinte= a vas . 
Therefore the fum of all the vr: fum of all the yy, in the 
hemiiphere; is asi7r+ :ar+—_z7+, or asi to 4, that is as 2 to 1. 


PROP. CIX. 


If a globe move uniformly forward ina compreffed infinite fluid, ~ 
its refiftance, is to the force by which its whole motion. may be 
deftrayed or generated, in the time of defcribing 4 parts of its dia- : 

_ meter, as the denfity of the fluid, to the denfity of the globe, 

_ very nearly, ? AO | 


Let the globe move in the direétion CZ. Draw the tangent 
DH, and BDG parallel to C4, and GH perp. to DH; and let 
Bhi vo | GD 

+ See Ward's Math, Guide, Part V. 
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GD be the force of a particle of the fluid againft the bafe By vac: 


in direction GD ; then GH will be the force acting againit D 
in direction DC. And this force is to the force in direGtion 
GD as DC to DB. Whence the force againft B, is to the 
force againft D, in direction GD, in a ratio compounded of 
GD to GH, and DC to DB, that is as DC* to DB: There- 
fore the force of all the particles of the fluid, againit the bafe, 
- js to their force againft the convex furface; as the fum of all 
the DC*, to the fum of all the DB* on the. bafe ; that is (by 
the Lem.) as-2 to. 1. Therefore the refiftance of the furface 
of the {phere, is but half the refiftance of the bafe, or of a cy- 
linder of the fame diameter. | 

Now the globe is to the circumfcribing cylinder as 2 to 3; 
and half of that force (which can deftroy all the motion of this 


cylinder, whilft it defcribes 2 diameters) will deftroy all its mo- ob 


tion, whilft it defcribes 4 diameters. And therefore the fame 
force that deftroys the cylinder’s motion, in the time of moving 
4 diameters, will deftroy the globe’s motion whilft it moves 3 
of this length, or 4 of its own diameter, But (by Cor.. 2. 
Prop. CVIII.) half the refiftance of the cylinder, that is the 
refiftance of the globe, is to this force ; as the denfity of the 
fluid, to the denfity of the cylinder or globe. ; 


Cor. 1. The refiftance of a {phere is but haif the refiftance of a 
cylinder, of the faime diameter. | Lara et | 
Cor. 2. The refifiance of a globe moving in any fluid, is equal to 
the weight of a cylinder of that fluid, of the fame diameter , and its 
length equal to half the height, through which a body falls in vacue, 
to acquire the velocity of the globe. By Cor. 3. Prop. CVIII. 
Therefore if s=16 7s feet, v=velocity of a globe, or the [pace 
it moves in 1 fecond, D= its diameter: then its refiftance 1s equal 
to the weight of a cylinder of the fluid, of the fame diameter D, and 


. vU D 
its “i gaerrn : And ifu=s Vv 5 
the weight of an equal globe of the fluid. — 


» its refifiance is equal to 


Cor. 3. The greateft velocity a globe can obtain, by defcending in 


& fluid , is that which it would acquire by falling in vacuo, through 
@ {pace that is to * the diameter; as the difference between the 
hy sf the globe and the denfity of the fluid, is to the denfity of 
the fluid, _— - 

For let G, F be the denfities of the globe and the fluid; D 
the diameter of the globe. Then fince a globe is equal to a 
| | > SRS BN, cylinder 


7 
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cylinder whofe height is 7 D: Therefore the weight of the | 
globe = weight of a cylinder of the fluid, whofe length is 3 D 

at And (by Prop. LXXXV.) the weight of the globe 
in the fluid is = weight of a cylinder of the fluid, whofe length 
is 2D. was But (by Cor. 2.) the refiftance of the globe 


moving with the velocity acquired by falling in vacuo, through 


the height ¢ D x ae is = weight of a cylinder of the fluid 


whofe length is 7 Dx ae . Therefore the weight of the 
lobe in the fluid is equal to the refiftance: and confequently 
it cannot accelerate the globe. | | 

And hence if v = 4f Sp Dis the refifiance is equal to the 
weight of the globe in the fluid. 


Cor. 4, Two equal and homogeneous globes moving in a refifting 
medium will, in times that are reciprocally as the firft velocities, 
defcribe equal {paces ; and lofe a given part of their motions. 

For the motion loit, in defcribing two very fmall equal — 
fpaces, is as the refiftance and time; that is (becaufe the fpace 
is given) as the fquare of the velocity directly and the velocity 
inverfely ; that is directly as the velocity. And fo in defcrib- 
ing any fpaces, the motion loft will always be as the firft mo- — 
tion ; and the time reciprocally as the firft velocity. 

Cor. 5. Two homogeneous globes, moving with equal velocities in 
a fluid ; lofe equal velocities in defcribing [paces proportional to their 
diameters. : sie. ei 

For the velocity loft in each, by defcribing two {mall fpaces 
proportional to the diameters ; will be as the refiftance and time 
directly, and the body inverfely ; that 1s (becaufe the refiftance 
is as the fquare of the diameter, and the time as the diameter), 
as. the cube of the diameter directly, and the cube of the dia- 
meter inverfely: therefore the velocity loft is equal in both. 
And the like for any fuccéeding correfpondent parts. ; 


SCHOL. 


The refiftance of fluids 1s of three kinds. 1. Tenacity or — 
cobefion of the parts of the liquor, which is the force by which 
the particles of the fluid ftick together, and caufes them not to 
feparate eafily; and this is the fame for all velocities. 2. Fric- 

‘ tion 
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: fion or atirition, where the parts of the fluid do not flide freely Fic. 
by one another ; and this is as the velocity. 3. The dew/ity or 
quantity of matter to be removed ; and this is as the fquare of 
the velocity. ‘The two former kinds are very {mall in all fluids, 
except vifcid and glutinous ones; and upon this account the 
foregoing theory regards only the laft kind. And therefore 
the refiftance there defcribed is the very leaft the body can pof- 
fibly meet with. But fince all fluids have fome {mall degree of 
friction and tenacity, they will increafe the refiftance a little. 
Alfo when the velocity is very great; the compreffion of the 
fluid ought to be fo too, to caufe the fluid to return with equal 
eafe behind the moving body; and when this does not happen, 
the refiftance is increafed upon that account. For a fluid yield- 
ing to a projectile, does not recede ad infinitum ; but with a 
circular motion, comes round to the places which the body 
leaves. Likewife when bodies move in a ftagnant fluid near 
the furface; the fluid cannot dilate itfelf upwards, to give 
way to the moving body; and this will confiderably increafe 
the refiftance. Alfo if a body moves in a fluid inclofed in a 
veflel ; the relative velocity of the body in the fluid muft be 
efteemed its true velocity. But the refiftance it meets with will 
be increafed, becaufe the fluid has not liberty to diverge every 
way. And the ftraiter the veffel, the more is the refiftance 
increafed ; and it may by this means be increafed till it be near 
double ; beyond which it cannot go. For all that a body can 
do is to drive the fluid wholly before it, without any diverging. 
So that the leaft refiftance a globe can have is the fame as is 
laid down in Cor, 2. of the laft Prop. and the greateit can never 
exceed the double of it ; fo that it will always be between thefe 
limits. If the fluid in which the body moves be elaftic and 
{pring from the body; the refiftance will be greater than if it 
was non-elaftic. But thefe irregularities are not confidered in 
the foregoing theory. , 

There are fome bodies that may be reckoned in a middle 
ftate between folids and fluids. And in fome of thefe the tena- 
city and friction is fo great, as in many cafes far to exceed the 
refiftance arifing from their denfity only. For example, it 
appears by experiments, that if a hard body be fufpended at 
feveral heights, and be let fall upon any foft fubftance, fuch 
as tallow, foft clay, wax, fnow, €c. it will make pits or im- 
preffions, which are as the heights fallen, that is as the fquares 
of the velocities. Likewife nails give way to a hammer in a 
ratio which is as the fquare of the velocity. Comparing this 


with Schol. Prop. XIV. It appears that in thefe cafes, the 
ee isi refiftance 


‘37660 
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gi. iefiftance is the fame for all velocities: which argues a very 
149. great degree of tenacity. Again, bodies projeéted into earth 


mixt with ftones; the impreflions are found to be between the 
fimple and duplicate ratio of the velocities. Therefore in this 
cafe, the refiftance is in a lefs ratio than the fimple ratio of the 
velocity : and therefore thefe fort of bodies have both friction 
and tenacity. And in different forts of bodies, there is great 
difference and variety in their nature and conftitution. | 


Tenacity may be compared to the force of gravity, which is | 


always the fame; with this difference, that tenacity acts always 
contrary to the motion of the body, and when the body is at 
reft, it is nothing. /ftrition may be compared to the motion 
of a body ftriking always a given number of particles of matter 
in a given time, with any velocity: and therefore the re- 
fiftance of fuch a body will be as the velocity. 
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Methods of communicating, diretting, and regu- 
lating any motion in the prattice of mechanics. 


4 


PLROsP.25 CX, 


To communicate motion from one body to another, or from one place 
_ to another. 


4. The eafieft and fimpleft method of communicating mo- 
tion from one thing / to another B, is by a rope or a leaver 
4B, reaching between the two places, or things. | 

2. Motion is communicated from one wheel or roller DC 


to another 4B, by a perpetual or endlefs rope ABCD, going. 


once or oftner about them: or if you will, by a chain. That 
the rope flip not, make knots on it, and channels in the wheels, 
if neceffary. 

3. Motion is communicated from one wheel BC, to ano- 
ther DEF; by the teeth in the two wheels working together. 
Or thus, where the axis of A having but one tooth ; one revo- 
lution of it anfwers to the motion of only one tooth in B. 

4. Motion is communicated from one place to another, by 
One or more beams or leavers, MB, BC, CE, EF, FH, &c. 
moveable about the centers 4, B, C, D, E, F, G;.of which 
4, D, G, &c. are fixt. Here if the point M7 be moved, the 
point # will be moved; for MB, BC, CE, &c. all move one 
another to the lait, FH. 

5- Motion may alfo be communicated from 4 to B, by a 


Pinion. at 4, and a ftreight ruler with teeth, which bite one. 


another, 


edhe PROP. 
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uniformly. 


PRODUCING MOTION. 
PROP. CXI 


By help of one uniform motion given ; to produce another, either uni- 
: form or accelerated. — 


| 1, A uniform, metron 1s produced’ in the wheel DEF; by tna 
- ving, the- wheel, 4BC_uniformly, which carries it. Alfo a uni- 


form motion is produced in wheels moving by cords, as 4B, 
CD: for one being moved uniformly, moves the other alfo 


2. The wheel BF may be made to move uniformly about the 


center C, by the motion ofthe wheel BD. On thé bafe BF with 


15 


the generating circle BD, defcribe the epicycloidal tooth BE. 
Then the:point B of the wheeb.4B;. moving: uniformly, about the 


center 4, and paffing over the tooth BE ; will move the wheel | 


BF uniformly, about C. Here the acting tooth 4B ought to 


be made crooked as, that. it: touchaot: the: end #,,of'the tooth ° 
BE, iit a€om the: concave: fide. Or elfe: the: plane; of the 


wheel BD muft be: raifed: above: the: plane BF} and. a tooth 
made at B to bend:down perpendicular tothe plane:of thewheel, 
as. AG, tocatch the tooth BF: Vise eos Oy 

3. The leaver 48 .may be made to move up: and: down with 
either. a uniform or accelerated motion, afterthis: manner. Let’ 
AE be a wheel whofe axis is parallel to the leaver, and: diredtly- 
aboveit. Take-any arch M4. andidivade:itinto: any pumber of 
equal parts:at-1,. 2, 3, @c. threuglwliich: fromythe center!O}’ 
draw Oa, Cb; @e,, Od, andemakeras 2,. 3c, 4dy Sc. refpec 
tively equal tos1, 23.3;.4 equalyparts: And through the points: 
N, a, b, Fe. drawthe curve Nabed. ‘Thenthe part NdF being 
made of folid wood} and fixed. to:the wheel; and the wheel be~ 


ing turned uniformly. about;: inthe order ENiiy the part WF: 
will give a:uniform motion'to the leaver 4By:about the center: 


of motion C. And: you. may) fix as: many) of thefer teeth: to} 
the wheel as you will. , beet --iychseycti 


~ Again, in the toot» 4D). if Any, 1 2h 2:95 (Fei. be taken: equal, | 
and.1a,. 2h, 3c, 4d; ce. be taken equalto. 15.4, 9, 16;°Ges 
equal parts ; and the curve 4abed be drawn, and the tooth fornm=- 


ed. ‘Then the leaver will be moved with a uniformly accelerat- 
ed motion. | 

The accelerated motion is proper for lifting a given weight, 
at the end B, as a hammer; or for working a pump, byachain 
going over the end B. | 
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se. XI. PRODUCING MOTION. ~. 16, 
4. The leaver 4B,, may alfo be moved thus, by help of a Fre. 
‘ machine GFD, moving uniformly along GD. Make HI, IF 158, 
right lines ; and make as many fuch teeth as you will; and thefe | 
will give a uniform motion to the leaver. | 
Make the curvés EFE all parabola’s, equal and equi-diftant ; 
whofe vertices are at F'; and their bafes meet at , and thefe 
will make the leaver rife and fall with an accelerated motion. 
Such parabolic teeth as thefe may be placed on a wheel, whofe 
axis is perpendicular to the horizon. 
_. 5. One wheel may move another with an accelerative motion 159. 
thus. On the circle or wheel EF, take Ea, ab, bc, Se. equal 
to each other. And on the edge of the wheel BD take B, a ve- 
ry fmall part; and 13, 35, 57, Ge. 3, 5, 7, Ge. times B1, fup- 
pofe the plane of the wheel EF to be extended as far as the 
marks 1, 3, 5, 7, Sc. then turn the wheel ZF, till # fall on 
a; then mark the point 1 on the plane of the wheel EF. Then 
turn EF till E comes to ; and mark the point 3 on the plane 
of the wheel EF. Likewife let E come to c, d, ec. and 
mark the points 5, 7, &c. on the plane of the wheel ZF’; then 
E1357, is the figure of the tooth of the wheel EF, which 
being uniformly moved, will move DB with an accelerative 
motion, 


PROP. CXII. 
Lo change ibe diretiion of any motion. 


1, The direction of any motion may be changed, by the leaver 160. 
of the firft kind, for the two ends have oppofite motions. Like- 
_ Wife a bended Jeaver will change the direction to any other direc- 
tion. : ) 
2. The dire@ion of the motion may be changed by the help 161. 
of ey with a rope going over them. Thus the direction 
a is changed fucceffively into the directions BC, CD, DE, 
» FG. | ‘mi ei 
3. The direction may be changed by wheels, whofe axles are 162. 
perpendicular to one another. Thus the dire@ion AB is chang - 
ed into the direction EF; by the wheel C, working in the crown 
‘Wheel D. _ | 
_ 4. The dire€tion may be changed, by making the lanthorn B, 163. 
inclined in any given angle, to be moved by the coggs of the 
\ ote RR wheel 
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CHANGE or DIRECTION. 


wheel 4. Here the rungs at F, where they work, muft be paral- 


lel to the plane of the wheel 4, or perpendicular to the coggs. 


The fame thing may be done by wheels with teeth, as C,.D. 


PR: O1P. + CAML, 
To regulate any motion, or to make it uniform. 


1. Any motion is made uniform, by the help of a pendulum 
AB, fufpended at 4 and vibrating. As the pendulum vibrates, 
it caufes CDE to vibrate alfo, about the axis DZ. The weight 
IT carries the wheel R, and R moves LF. Now whilft the 
pendulum’ vibrates towards M, a tooth of the wheel GF goes 
off the pallat J, and another catches the pallat H; and when 


the pendulum returns towards NV, it draws the pallat H off the 


166. 


tooth, and another catches the pallat 7; and fo on alternately. 
So that at every vibration of the pendulum, a tooth goes off 
one or other of the palats. | 

2. A uniform motion is effected by the pendulum CP, vibrat- 
ing in the arch NM about the center of motion C. As the pen- 
dulum vibrates, it caufes the piece 4DE to vibrate along with it 
about the axis of motion DE. By this motion the leaf a catches 
hold of a tooth of the horizontal wheel GF, in its going; 
and the leaf 4 of another tooth, in returning. A wheel with a 
weight is applied to the pinion Z, to keep the pendulum going. 

3. A pendulum may alfo be applied thus for the fame pur- 
pofe. FG is a thick wheel, or rather a double wheel, whofe 


axis is parallel to the horizon. #P a pendulum vibrating up- 


on the axis DE, which is parallel to the planes of the wheel 
FG ; anb two wings perpendicular to DE, and towP; 1, 1, I 
pins in the rim G; and 2, 2, 2 pins in the rim F. Thele pins 
are in the planes of the wheel ; but not perpendicular to the cir- 
cumference, but inclined in an angle of about 45 degrees, and 
the pins in one end are againft the fpaces in the other; a is pa- 
rallel to the axis of the wheel FG, but neither in the fame hori- 
zontal or perpendicular plane; but almoft the radius of the 
wheel below, and fomething more forward. Whilft the pendu- 
lum P vibrates in the arch MN, about the axis DH, the wing a 
catches hold of a tooth in the end F’; and when it returns, the 
wing d catches hold of a tooth in the end G. Thus the pins act- 


Ing 
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ing alternately againft the wings a, 4, keep the pendulum go- F164 

ing, by help of the weight 1. : 167, 
4. A fteady motion is continued by applying the heavy 168. 

wheel ABC, to the machin@: or the crofs bar DE loaded with 169. 

two equal weights at Dand £. Or a cylinder of fome heavy 

matter may be applied; being made to revolve about its axis, 

By thefe the force of the power, which would be loft, is kept in 

the wheel, and is equally diftributed in all parts of the revolution. 

Such a wheel is of great ufe in fuch machines as act with une- 

qual force at different times, or in different parts of a revolution. 

For by its weight it conftantly goes on at the fame rate, and 

makes the motion uniform,’ and every where equal. By reafon 

of its weight a little variation of force will not fenfibly alter its 

- motion: and its friction, and the refiftance of the air will hinder © 

it from accelerating. If the machine flackens its motion, it 

will help it forward; if it tends to move too faft, it will keep 

it back. 
Every fuch regulating wheel ought to be fixed upon that axis, 

where the motion is fwifteft. And ought to be the heavier, 

the flower it is defigned to move; and the lighter, the fwifter 

the motion is. And in all cafes the center of motion muft be | 

in the center of gravity of the wheel. And the axis may be 

placed parallel to the horizon, as well as perpendicular to it. 

_ If the machine be large, and the axis of the heavy wheel 

be perpendicular to the horizon; the heavy wheel. may be 

made to roll on the ground, round that axis; by putting the 

wheel upon another axis fixed in the former at right an- 

gles toit, and thus the weight is taken off the firft axis. And 

two fuch wheels may be applied on oppofite fides. sR | 

5. Any {wift motion may be moderated by a fly 4B, move- 170, 

able about the axis CD. This is made of thin metal; at sis a 

{pring to keep the axis and fly pretty ftiff together. This bridles 

the rapidity of the motion of the machine, to which it is ap- 

plied, by reafon of its great refiftance in the air; and therefore 

it hinders the motion from accelerating beyond a certain degree. 

This fort of fly is ufed in clocks, and is fo ufeful in any motion 

that requires to ftop, or move a contrary way. 
None of thefe regulating wheels or flies, add any new power 

tothe machine; but rather retard the motion by their friction 

and refiftance. ig 
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TYING KNOTS. 


PROP. ‘CKIV. 
To defcribe feveral forts of knots. 


As ropes are made ufe-of in feveral forts of machines, and 
efpecially aboard of fhips ; it is proper for a mechanic to know 
how to tye them together. Therefore I thall here defcribe feve- 
ral forts of knots, not fo much to teach how to tye them, as to 
fhew the form they appear in, when they are tyed. For the 
method of tying them is beft learned from thofe that can tye 
them already. me EES Yr 

1. A thumb knot. ‘This is the fimpleft of all ; and is ufed to 


tye at the end of a rope, to hinder its opening out. Alfo it is 


uled by taylors at the end of their thread. 
2. 4 loop knot. ‘This is ufed to join pieces of ropes together. 
3. 4 draw knot, is the fame as the laft ; only one (or both) of 
the ends returns the fame way back, as abcde. By pulling ‘at 
a the part dcd comes through, and the knot is loofed. : 
4. A ring knot. This ferves alfo to join peices of rope together, 
5. Another knot for tying ropes together. This is made 
ufe of when any rope is often to be loofed. ~ | 
6. 4 running knot, to draw any thing clofe. By pulling at 


the end a, the rope is drawn through the loop 4, and the part 


cd is drawn clofe about a beam, €c. : 

7- Another knot, to tye any thing to a poft, here the end may 
be put through. as oft as you will. | 

&. A very {mall knot. There isa thumb knot made at the end 
of each piece ; and the end of the other is to go through it. Thus 
the rope ac runs through the loop d, and 4d through c. And 
then drawn clofe by pulling at aand 3: if the ends e, f bedrawn, 
the knot will be loofed again. 

9. A fifher’s knot, or water knot. This is the fame as the 4th, _ - 
only the ends are to be put twice through the ring, which — 
in that was but once ; and then drawn clofe. 

10. 4 mafbing knot for nets ; and is to be drawn clofe. 

11. 4 barder’s knot, or a knot for cawls of wigs. This mutt 

12. A bowline knot. When this is drawn clofe, it makes 
a loop that will not flip, as fig. R. | This ferves to hitch 
over any thing. | 

-13. 4 wale knot is made with the three ftrands of a rope, 
fo that it cannot flip. When the rope is put through a 


hole, 


a 


S& XE 3S TYING KNOTS, 167 
hole, this knot keeps it from flipping through, ’tis repre- » pg. 
fented at 5, fig. 193. If the three ftrands are wrought round 3 
onee or twice more, after the fame manner; ’tis called crown- A 
ing. By this means the knot is made bigger and ftronger. A 
age knot art. 1; may be applied) to the fame ufe as ’ 
this. | ! ‘ 

Concerning ‘the {trength of ropes, fee the latter end of 


* 
Sef VHB. 
; > 4 
‘ ‘2 * x Ae 
P a 4 a 
* ‘ 9 : * 
Fd 
7) 
4 
4 
’ > 
“5 - 
yey 
ae 
d 
7 
ryt 
ids 
= 
af 
rts i Mt, 
° ri 
se » - ah 
¥ ig 
‘, ow Os ak 
‘ an ; ad t 
in Write. iz rik 
Ra " 
t Io 
- 
». 
& v 
oy 
oy 
m* Re 
we / 
oh fas 
* 


S EC T, 


[ 168 } 
£1,.C. | 5g i peogal ; : 
sl SECT. XIL: 


The powers and properties of compound engines ; 
of forces a€ting within the machine; of friction. 


PRO Psy CXV, 


In any compounded machine, if the power and weight, keep the ma- 

chine and all its parts, in equilibrio. Then the power is to the 

weight, in the compound ratio of the power to the weight in every 
Simple machine, of which the whole is compofed. | 


For let the compound machine be divided into all its fimple 
mechanic powers; and in the firft let the power be to the weight 
as 4to B. Then confidering the weight B in the firft, as the 
power in the fecond, to which it is equal (by Ax. 3.) let that 
power in the fecond machine, be to the weight as B to C. 
Then ex equo, the firft power 1 is to the fecond weight C; in 
the compound ratio of 4 to B and B toC. In like manner, if 
the weight in the fecond be taken for the power in the third, 

__and this power be to the weight as Cto D; then the firft power 
_ Ais to the laft weight D, in the compound ratio of to B, B 
to C, andC to D; and fo on thro’ the whole. 


Cor. In any machine compofed of wheels; the power is to the 
weight ; in the compound ratio of the diameter of the the axel where 
she weight is applied, to the diameter of that where power is 
applied ; and the number of teeth in the pinion of each axis, begin- 
ning at the power, to the number of teeth in each wheel they work 
in, till you come at the weight. 


Or, inftead of the teeth, you may take their diameters. 
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PROP. CXVI. 
| Af the power and weight be in equilibrio on any machine ; if they 
be put in motion, the velocity of the weight will be to that of the 
power 5 as the power ts to the weight. ay 


‘For fince they are in equilibrio ; one of them cannot of it- 
felf move the other ; therefore if they be put into motion, the 
momentum or quantity of motion of the weight, will be equal 
_ to that of the power: and therefore their velocities will be re- 

ciprocally as their quantities. | 


Cor. 1. Hence tt follows, that if any weight is moved by Lelp of 
4 machine; what is gained in power is loft in time. | 
_ For in whatever proportion the power is lefs than the weight ; 
in the fame proportion will the weight be flower than the power. 


Cor. 2. Hence the motion of the weight is not at all increased 
by any engine, or mechanical inftrument ; only the velocity of the 
weight 1s fo much diminifhed thereby ; that the quantity of motion 
of the weight, may not exceed the quantity of motion of the power. 
und therefore it 1s a vain fancy for any one to think that be can 
move a great weight with a little power, and with the fame velo- 
city as with a greater power. | 

For the advantage gained by the power is loft by the velo- 
City.” Hf any power is able to raife a pound with a given velo- 
city ; it is impoffible by the help of any machine whatever, that 
the fame power can raife two pounds with the farne velocity. 
Yet it may, by help of a machine, be made to raife 2 pounds 
with half that velocity ; or even 1000 pounds with the thoufand 
part of the velocity. But ftill there is no preater quantity of - 
motion produced, when rooo pounds weight is moved, than 
when 1 pound: the 1000 pounds being proportionally flower. 
The power and ufe of machines confitts only in this, that by 
their means the velocity of the weight may be diminifhed at 
pleafure, fo that a given weight may be moved with a given 
‘power; or that with a given force any given refiftance may be — 
overcome. Mechanic inftruments being only the means where- 
by one body communicates motion to another: and not de- 


figned to produce a motion that had no exiftence before. 


Z, Cor. 


~ 
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Cor. 3- Hence alfo it is plain, that a given power or quantity 
of force, applyd to move a heavy body by help of a machine, can 
produce no greater quantity of motion in that body, than if that - 
force was immediately apply’d to the body itfelf. Nor not quite fo 


much, by reafon of the friction and refiftance of the engine. And if 


the power be given, you may chufe whether you will move a greater 
weight with a le/s velocity, or a lefs weight with a greater velo- 
city. But to do both, is utterly repugnant to the eternal laws of 
nature. ) ie 


= 


AP. RO RCA M TE 


If any machine CD, is to be moved by the belp of leavers, wheels, 
” €$c, And if the power that. moves it, alts intirely within the 
‘machine, and exerts its force againft fome external objec? B. Then 
the force apply’d within, to move the machine, will be juft the 
fame as if the machine was at reft, and the object B was to be 
moved : fuppofing B to be as eafily moved as the machine. 


For fuppofe firft, the leaver AFB to be fixt, and to make a 


part of the machine; and let the external force acting at B; 


which is capable to move the machine, be 1. Now fuppofe 
the leaver AFB, moveable about Ff’; and a-force apply’d at 4, 
fo great, as to act at B, with the force 1. Then, the action 
and re-aétion at B being the fame as before; ’tis plain the ma- 
chine will be moved as before. But the force now acting at /, 


is moh x13 juft the fame as if the point F was. fixt, and B 

was to be moved. And if more leavers, or any number of 

wheels be added, the thing will ftill be the fame. 
| Otherwife. : 


Let the abfolute force to move the machine be m8 and the 
force acting at 4 be f; and let us firft confider it as acting out 
of the machine. Then B being fixt, is the fulcrum ; therefore 
the force acting at F, is sod xf. Now if the acting force be 


confidered in the machine, it will not be urged forward with 
all this force, for the re-action will be equal to /, the power at 
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A. Therefore the abfolute force the machine is moved with, F 1c. 


; B—FB 4 
is x f—f aor = aE XS that ia xf, but this 


is = 1, therefore f= ‘tel XI. 


h 


Cor. 1. Hence if the abfolute external force, to move any body 


or machine, be given, and the machine is to be moved by an in- 
ternal power: that power may be found, by [uppofing the machine 
at reff, and the external objet? B was ta be removed, and ta re- 
quire the fame abfolute force to move it. | 
For it is the fame thing, as to the power, whether the ma- 
- chine, or the external object be moved, whilit the other is at reft. 


Cor. 2. If the power aéting within the machine, be not commu- 
nicated to fome external objeét, it will have no force at all to move 
the machine. And any force that both begins and ends within it, 
does nothing at all to move it. | 

For the power acting only againft fome part of the machine, 
will be deftroyed by the contrary and equal re-action. And the 
body being acted on by thefe equal and contrary forces, will not 
be moved at all. Thus if a man, fitting in the head of a 
boat, pull the ftern towards him, by a rope; the boat will 
not be moved at all out of its place, by that force. | 


POR OW. SOX VEL. 


To determine the friftion, and other irregularities im mechanical 
engines. BS 


The propofitions hitherto laid down, fuppofe all bodies per- 
fetly {mooth, that they flide over one another without any 
friction, and move freely without any refiftance. But fince there 
is no fuch thing as perfect fmoothnefs in bodies ; therefore in 
rubbing againft one another, they meet with more or lefs friction, 
according to their roughnefs ; and in moving in any medium, 
will be refifted according to the denfity of the medium. Even 
ropes going over pulleys cannot be bended without fome force. 

_ Among machines, fome have a great deal more friction than 
others, and fome very little. ‘Thus a pendulum has little or 


no friction, but what arifes from the refiftance of the air. But - 
: \ 


hi2 | a cafriage 
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gic. acatriage has a great deal of friction. For upon plain eround 


a loaded cart requires the ftrength of feveral horfes to draw it 
along; and all or moft of this force is owing to its friGtion. 
All compounded, machines have a great deal of friGtion, and 


fo much the more as they confift of more parts, that rub againft - 


one another. And there is great variety in feveral forts of bo- 
dies, as to the quantity of friction they have, and even in the 
fame bodies under different circumftances : upon which: account 
it will be impoffible to give any ftanding rules, by which its 
quantity can be exaétly determined. All we can do is to lay 
down fuch. particular rules, as have been deduced from experi- 
ments made upon particular bodies ; which rules will require 
fome variation under different circumftances ; according to the 
judgment and experience of the artift. 


’ 3. Wood and all metals when oiled or greafed have nearly 


the fame friction. And the fmoother they are, the lefs friGion 


they have. Yet metals may be fo far polifhed as to iacreafe 


friction, by the cohefion of their parts. 

Wood flides eafier upon the ground in wet weather than in 
dry ; and eafier than iron in dry weather. But iron flides ea- 
fier than wood in wet weather. Lead makes a great deal of 
refiftance. ron or fteel running in brafs, makes the leaft fric- 
tion of any. In wood acting againit wood, greafe makes the 
motion twice as eafy, or rather 3 eafier. Wheel naves greafed 
or tarr’d, go 4 times eafier than when wet. 

Metals oiled make the friction lefs than when polifhed, and 
twice as little as when unpolifhed. 

In general, the fofter or rougher the bodies, the greater is 
their friction. 

2. As to particular cafes : a cubic piece of foft wood of eight 
pound weight, moving upon a fmooth plane of foft wood, at 
the, rate of three feet per fecond; its fri€tion is about 3 the 
weight of it. But if it be rough, the friction is little lefs than 
half the weight. | 

Upon the fame fuppofition, other foft wood upon foft wood 
very {mooth ; the friction is about 3 the weight. . 

Soft wood upon hard, or hard upon foft, + or 4 the weight. 

Hard wood upon hard wood, or 4 the weight. 

Polifhed fteel moving on fteel or pewter, = the weight: 
moving on copper or lead, 3 the weight: on. brafs % the weight. 


Metals. of the fame fort have more friction, than different forts, . 
The friction, ceteris paribus, increafes with the weight, al-. 


moft in the fame proportion. The friction is alfo greater with 
a greater velocity, but not in proportion to it, except in very 
| few 
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few cafes. A greater furface alfo caufes fomething more fric- ¢ 3 G. 


tion, with the fame weight and velocity. Yet friction may 
fometimes be increafed, by having too little furface to move 
on: as upon clay, &c. where the body finks. 

3, The friction arifing from the bending of ropes about ma- 
chines, differs according to their ftiffnefs, the temper of the 
weather, degree of flexibility, &&c. but ceteris paribus, the force 


or difficulty of bending a rope, is as the fquare of the diameter 


of the rope, and its tenfion, directly ; and the diameter of the 
cylinder or pulley, it goes about, reciprocally. ‘, 

“ A rope of 1 inch diameter, whofe tenfion, or weight draw- 
ing it, is 5 1b. going over a pulley 3 inches diameter; requires 
a force of 1 1b. to bend it. i 

4. The refiftance of a plane moving through a fluid, is as 
the fquare of the velocity: and (putting v=velocity in feet, in 
a fecond,) it is equal to the weight of a column of the fluid, 
whofe bafe is the plane, and height oe 
is but half fo much. 

5. The friction of a fluid running through a tube is as the 
velocity. and diameter of the tube. : fae 


But the friction is greater in refpect to the quantity of the 


fluid, in {mall tubes, than in large ones; and that reciprocally 
as their diameters. But the abfolute quantity of the friction 
in tubes, is but very f{mall, except the velocity be very great, 
and the tube very long. — ay 

- But if a pipe be divided into feveral leffer ones, whofe num- 
ber is 2; the refiftance arifing from the friction will be increafed 
as 4/m. For the area of the fection of any one pipe, will be 
I 


\ 


' Jt 
Or as 4/n. 

6. As to the mechanic powers. The fingle leaver makes no 
tefiftance by friction. But if by the, motion of the leaver 
in lifting, the fulcrum or place of fupport be changed further 
from the weight ; the power will be decreafed thereby. 

7 In any wheel of a machine, running upon an axis ;, the 
friction on the axis, is as the weight upon it, the diameter of 
pa ae and the angular velocity. This fort of friction is but 
mn he. , ae At 


8. In 


And in a globe it © 


33 and the friCtion, being as, the circumference, will be as _ 


~— and therefore the friction in all of them, will be ee > 


wie 
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8. In the pulley, if p, g be two weights, and q the greater ; 
andifVW= APL » then W is the weight upon the axis of the - 


fingle pulley. And it is not increafed by the acceleration of 
the weight g, but remains always the fame. ch M 

The friction of the pulley is very confiderable, when the 
fheaves rub againft the blocks; and by the wearing of the holes 
and axles. | | 

~The friction on the axis of the pulley is as the weight W, 
its angular velocity, the diameter of the axis dire@tly ; and the 
diameter of the pulley inverfely. A power of 100 1b. with the 
addition of s501lb. will but draw up soo lb. with a tackle of Re 

And 15 lb. over a fingle pulley will draw up only 14 Ib. - 
_g. In- the ferew, there is a great deal of fri@ion. Thofe 
with fharp threads have more fri@tion than thofe with {quare 


threads.’ And endlefs {crews have more than either. Screws 


with a fquare thread raife a weight with more eafe, than thofe 
with a fharp thread. , | | 
_ In the common fcrew, the friction is fo great, that it will fuf- 
tain the weight in any pofition given, when the power is taken. 
off. And therefore the friction is at leaft equal to the power. 


_ From whence it will follow, that in the fcrew, 


The power muft be to the weight or refiftance; at leaft as 
twice the perpendicular height of a thread, to the circumference 
defcribed by one revolution of the power; if it be able to. 
raife the weight, or only fuftain it. ‘This fri@ion of the {crew 
is of great ufe, as it ferves to keep the weight in any given 
pofition. | | ray 

10. In the wedge, the friction is at leaft equal to the power, 
as it retains any pofition it is driven into. Therefore in the 
wedge, f 

The power, muft be to the weight ; at leaft as twice the 
bafe to the height; to overcome any refiftance. | 

it. To find the friction of any engine, begin at the power, 
and confider the velocity and the weight at the firft rubbing 
part; and eftimate its quantity of friction, by fome of the fore- 
going articles. Then proceed to the next rubbing part, and 
do the fame for it. And fo on through the whole. 
_ And note, fomething more is to be allowed for increafe of 
friction, by every new addition to the power. 


Cor. Hence will appear the dificulty or rather impoffibility of a 


perpetual motion, or fuch a motion as is to continue the Jame for- 


ever, 


Set. XI. FRICTION or ENGINES. 
moving machine. | 

For fuch a motion as this ought continually to return undi- 
minifhed, notwithftanding any refittance it meets with, which 
is impoffible. For although any body once put into motion, 
and moving freely without any refiftance, or any external re- 
tarding force a¢ting upon it, would for ever retain that motion. 
Yet in fact we are certain, that no body. or machine can move 
at all, without fome degree of friction and refiftance, And 
therefore it muft follow, that from the refiftance of the medium, 
and the friction of the parts of the machine upon one another, 
its motion will gradually decay, till at laft all the motion is de- 


{troyed, and the machine is at reft. Nor can this be otherwile, | 


except fome new active force, equal to all its refiftance, adds a 
new motion to ir. But that cannot be from the body or 
machine itfelf ; for then the body would move itfelf, or be the 
caufe of its own motion, which is abfurd, 


PROP. CXIX. 


‘To contrive a proper machine that fhall move a given weight with a 


| Sten powers or with a given quantity of force, shall overcome 
_ any other given refiftance. | | 


' Ifthe given power is not able to overcome the given refift- 
ance, when directly applied, that is, when the power applied is 
leis than the weight or refiftance given then the thing is to be 
performed by the help of a machine made with Jeavers, wheels, 
pulties, firems, &c, So adjufted, that when the weight and pow- 
_€f are put in motion on the machine ; the velocity of the power 
may be at leaft fo much ereater than that of the weight; as 
the weight and frition of the machine taken together, is gréat- 
€r than the power. For on this principle depends the mecha- 
nifm or contrivance of: mechanical engines, ufed to draw or raife 
heavy bodies, or overcome any other force. The whole defign 
of thefe being to give fuch a velocity to the power in refpect of 
the weight; as that the momentum of the power, may exceed 
the momentum of the weight. For if machines are fo contri- 
ved, that the velocities of the agent and refiftant, are recipro- 
cally as their forces ; the agent will juft fuftain the refiftant : but 
with a greater degree of velocity will overcome it. So that % 
| . the 
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LUE 5 or at leaft as long as the materials will laff, that compofe the 16, 
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gic. the excefs of velocity in the power is fo great, as to overcome 


all that refiftance which commonly arifes from the fri@tion or at- 


trition of contiguous bodies, as they flide i ‘one another, or 
e 


from the:cohefion of bodies that are to be: feparated, or from 
the weights of bodies to be raifed. The excefs of the force re- 
maining, after all thefe refiftances are overcome ; will produce 


an acceleration of motion proportional thereto, as well in the — 
_ parts of the machine, as in the refifting body. Now howa ma- 
_chine may be contrived to perform this to the beft advantage, 


will appear from the following rules. . : 

1. Hlaving affigned the proportion of your power and the weight 
to be raifed : the next thing is to confider how to combine leavers, 
wheels, pulleys, (Yc. fo that working together they may be able to 
give a velocity to the power, whiclr fhall be to that of the weight, 
jJomething greater than in the proportion of the weight to the 


power. This done, you mutt eftimate your quantity of friction, 


by the laft Prop. and if the velocity of the power, be to that of 


the weight, ftill in a greater proportion, than the weight and fric- | 


tion taken together, is to the power; then your machine will 


be able to raife the weight. And note, this proportion muft 


be fo much greater, as you would have your engine work 
fatter. | , 

2. But the proportion of the velocity of the power and weight, 
muft not be made too great neither. For it is a fault to give 
a machne too much power, as well as too little. For if the 
power can raife the weight, and overcome the refiftance, and 
the engine perform its proper effect in a convenient time, 


and works well ; it is fufficient for the end propofed. And it is ” 


in vain to make more additions to the engine, to increafe the 
power any further: for that would not only be a needlefs ex- 
pence, but the engine would lofe time in working. © © 

3. AAs to the power applied to work the engine, it may be either 


a living power, as men, horfes, fc. or an artificial power, as - 


a fpring, @&c. of a natural power, as wind, water, fire, 
weights, «9c. | | 


When the quantity of the power is known; it matters not 


as to the effect, what kind of power it is. For the fame quan- 
tity of any fort will produce the fame effeét. And different 


forts of powers, may be applied in an equal quantity, a great 


variety of ways. : 

The moft eafy power applied to a machine is weight, if it be 
capable of effecting the thing defigned. If not, then wind, wa- 
ter, c. if that can conveniently be had, and without much 
expence. 3 | 


A {pring 
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_ A fpring is alfo a convenient moving power for feveral ma-' F y 


chines ; but it never acts equally as a weight does; but is ftronger 
when much bent, than when but a little bent, and th t in pro- 
‘portion to the degree of bending, or the diftance it is forced to. 

ut {prings grow weaker by often bending, or remaining long 
bent ; yet they recover part ftrength by lying unbent. 


The natural powers, wind.and water, may be applied with ° 
vaft advantage to the working of great engines, when managed — 


with fkill and judgment. The due application of thefe has much 
abridged the labours of men; for there is {carce any labour 


to be performed, but an ingenious artificer can tell how to ap-: 


ply thefe powers to.execute his defign, and anfwer his purpofe. 
For any conitant motion being given, it may by a due appli- 
cation, be made to produce any other motions we. defire. 
Therefore thefe powers are the moft eafy and ufeful, and of the. 
greateft benefit to mankind.  Befides, they coft nothing, nor 


_ fequire any repetition or renewing, like a weight or a {pring, 


which require to be wound up. When thefe cannot be had, or 
cannot ferve our end; we have recourfe to fome living power, 
-as men, horfes, &e, | 
| 4. Men may apply their ftrength feveral ways, in working a 
machine. A man of ordinary ftrength turning a roller by the 
handle, can act for a whole day againtt a refiftance equal to 3o0lb. 
weight ; and if he works 10 hours in a day, he will raife a 
weight of 30’ lb. 34 feet in a fecond; or if the weight be 
greater, he will raife it fo much Iefs in proportion. But a 
man may aét, for a fmall time, again{t a refiftance of solb. or 
more, | Ae 
_ If two men work at a windlefs, or roller, they can more eafily 
_ draw up 7olb. than one man can 3olb. provided the elbow of 


one of the ‘handles, be at right angles to that of the other. And 


with a fly, or 

more work ; and for a little while a€&t with a force, or over- 
_ Come a continual refiftance of 80 1b. and work a whole day when 
the refiftance is but 4olb. | 
_ Menufed to carrying, fuch as porters, will carry, fome 150 lb. 
others 200 or 250 |b. according to their ftrength, 

A man can draw but about 70 or 80 lb. horizontally ; for he 

_ Can but apply about half his weight. 


_ ‘Uf the weight of a man be 140 Ib. he can aét with no greater | 


_a for ce in thrufting horizontally, at the height of his fhoulders, 
than 27 1b. yee | , 

As to horfes, A horfe is generally fpeaking, as ftrong as 5 
men. A horfe will carry 240 or 270 lb. eae 
a Aa A horfe 


5 


heavy wheel applied to it ;,a man may do } part — 
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A horfe draws to sreateft advantage, when the line of diree- 


tion is a little elevated above the horizon, and the power, aéts © 


againit his breaft. And can draw 200'lb. for eight hours in a 
day at 2% miles an hour. If he draw 24olb. he can work but 


fix hours; and not go quite fo faft.. “And in both cafes, if he 
carries fome weight, he will draw better than if he carried | 


none. And this is the weight a horfe is fuppofed to be able to 
draw over a pulley out of a well. Inacart, a horfe may draw 
1000 lb. ¥ 
The moft force a horfe can exert is, when he draws fome- 
thing above a horizontal pofition. | | St We 


The worft way of applying the ftrength of a horfe, is to make iy 


him carry or draw up hill. And three men in a fteep hill, carry- 
ing each 100 1b. will climb up fafter than a horfe with 300 Ib. 
Though a horfe may draw in a round waik of 18 feet diame- 


ter; yet fuch a walk fhould not be lefs than 25 or 30 feet dia- 


be done by help of the perpetual fcrew. = 


zontal. Os eames 
4+ As to the combination of fimple machines ‘together, to 


make a compound one. Though theleaver when fimple, cannot. 


raife a weight to any great height; and in this Cafe is of little 
fervice ; yet it is of great ufe when compounded with others. 
Thus the fpokes of a great wheel are all leavers perpetually act- 
ing. Anda beam fixed to the axis to draw the wheel about b 

men or horfes, is a leaver. ‘The leaver alfo may be combined 


with the fcrew, but not conveniently with pullies or with the 
wedge. The wheel and axle is combined with great advantage = 
with pullies. ‘The fcrew is not well combined with pullies; 


but the perpetual fcrew combined with the wheel, is very fer- 


viceable. ‘The wedge cannot be combined with any other me- | 


tle, are of moft ufe 


s) 
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chanical "shige and it only performs its effect by percuffion; ¥ 1c, 
but this force of percuffion may be increafed by engines, . ee 
 Pullies may be combined with pullies, and wheels with 
wheels. Therefore if any fingle wheel could be too large, and 
take up too much room ; it may be divided into two or three - 
more wheels and trundles, or wheels and pinions, as in clock- 
work fo as to have the fame power, and perform the fame 


effect. | 
_ «Sn wheels with teeth, the number of teeth that play toge- | 
ther in two wheels, ought to be prime to each other, that the 
_ fame teeth may not meet at every revolution. For when diffe- 
ao. rent teeth meet, they by degrees wear themfelves into a proper 
_* figure. Therefore they fhould be contrived, that the fame teeth 
= ~~ meet as feldom as poffible. “ae 
aes: 8. The ftrength of every part of the machine ought to be 


made proportional to the ftrefs it is to bear. And therefore let - 


A _ every leaver be made fo much ftronger, as its length and the 
PB _ weight it is to fupport is greater. And let its ftrength dimi- 
ee _, nifh proportionally from the fulcrum, or point where the greateft 
ia  ftrefs is, to-each end. The axles of wheels and pullies muft be 
i _ fo much {tronger, as they are to bear greater weight. The teeth 
ie of wheels, and the wheels themfelves, which aét with greater 
; . ae force, muft be proportionally ftronger. And in any combina- 
a tion of wheels and axles, make their ftrength diminith gradually 
ee trom the weight to the power, fo that the ftrength of every 


___ Part be reciprocally as the velocity it has. The ftrength of ropes 
pa muft be according to their tenfion, and that is as the fquares of 
_. . theirdiameters, (fee the end of Seé&t. VIII.) And in general 
‘of whatever parts a machine is compofed of, the ftrength of every 
_-—sséwaaticullar part of it muft be adjufted to the ftrefs upon it, ac- 
cording to Sect. VIEL Therefore in fquare beams the cubes 

at of the diameters muft be made proportional to the ftrefs they 

i bear. And let no part be ftronger or bigger than is neceflary for 
the ftrefs upon it: not only for the eafe and well-going of the 


machine, but for the diminifhing the fri@ion. For all {uperfiu- 


< 


oe of parts, by their weight and motion, increafe the 
i the diameters of the whecls and pullies ought to be 
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ri. large, and the diameters of the arbors or fpindles they run on, 
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as fmall as can be confiftent with their {trength. “All ropes 
and cords muft be as pliable as poffible, and for that ‘end are 
rubbed with tar or greafe ; the teeth of wheels mutt be made to 
fit and fill up the opens ; and cut inthe form of epicycloids. 
All the axles, where the motion isy:and all teeth where they 
work, and all parts that in working rub’ upon one another, 
muft be made fmooth: and when the machine goes, muft be _ 
oiled or greafed. — If a joint is to go pretty ftiffand fteady, rub 
a little greafe upon it. a Ae tap 
The axis @ of a wheel, may have its friction diminifhed, by 
cauling it to run’on two rollers B, C, turning round with it, 
upon two centers. RRS aa 
Likewife inftead of the teeth of wheels, one may place litle — 
wheels as 4, B, running upon an axis in its center. And this Mer. 
will take away almoft all the friction of the teeth. Andinlan- - 
terns or trundles, the rounds may be made to turn about, int 
ftead of being fixed. | Bee 
In all machines with wheels, the axes or {fpindles ought not | ee 
to fhake, which they will do, if they be too fhort. Andtheir © 
ends ought juit to fill their holes. oe vi 
When the teeth of a wheel are much worn away, it makes 
that wheel move irfegularly about, increafes the fri@tion, and — | 
requires more force ; and may caufe the teeth of two wheelsto. 
run foul upon one another, and ftop their motion, and endan- 
ger breaking the teeth. To prevent this, proper care fhould be 
taken to drefs the teeth, and keep them to their proper figure. — 
10. When any motion is to be long continued; contrive 
the power to move or act always one way, if it can be done. — ais 
For this is better and eafier performed than when the motion is” . 
interrupted, and the power is forced to move firft one way, and 
then another. Becaufe every new changé of motion requires a 
new additional force to effect it. Befides, a’ body in motion 
cannot fuddenly receive a contrary motion, without great vio-— 
lence. And the moving any part of the machine contrary ways Re 
by turns, with fudden jerks, tends only to fhake the machineto 
pieces. | ue 7 De 
11. In a machine that moves always one ways, endeavour 
to have the motion uniform. Some methods of doing this mayer ie? ae 
be feen in Prop. CXIII. and if one uniform motion be requitedy ie | 
to produce a motion either uniform or accelerated, fome li hers. 
may be had from Prop. CXI. - Likewife how to communicate — 
motion, confult Prop. CX. And to change the diredtion, fee 
Prop. CXII. | ta i eae 


i i vi 


» 


Sea, XI. INVENTION or MACHINES. 


12. But when the nature of the thing requires that a motion ¢ 16, 


is to be fuddenly communicated to a body, or fuddenly ftopt : 


to prevent any damage or violence to the engine, by a fudden 
jolt ; let the force act again{t fome {pring ; or beam of wood,. 


which may fupply the place of a fpring. 

13. In regard to the fize of the machine ; let it be made as 
large as it can, conveniently. The greater the machine, the 
exacter it will work, and perform ail its motions the better. 
For there will always be fome errors in the making, as well as 


in the materials ; and confequently in the working of the ma- 


chine. The refiftance of the medium in fome machines has a 
fenfible effect. But all thefe mechanical errors bear a lefs pro- 


- portion to the motion of the machine, in great machines than 


in little ones ; being nearly reciprocally as their diameters ; fup- 
pofing they. are made of the fame matter, and with the fame 


accuracy, and are equally well finifhed. Therefore in a {mall 
machine they are more fenfible; but in a great one, almoft 


vanifh. Therefore great machines, will anfwer better than 
{maller, in all refpects, except in ftrength ; for the greater the 


machine the weaker it is, and lefs able to refift any violence. | 


_ 14. For engines that go by water, it is neceflary to meafure 


the velocity and force of the water. To get the velocity, drop 
in pieces of fticks, €¥c. and obferve how far they are carry’d 
‘ina fecond, or any given time. 


But if it flow through a hole in a refervoir or ftanding re- 


- ceptacle of water. The velocity will be found from the depth 


of the hole below the furface ; by Cor. 2. Prop. XCVII. And 


its force by Cor. 1. Prop. CVI. 


Thus let s—16 4+ feet, v=velocity of the fluid per fecond. 


_ Bathe area of the hole. H = height of the water; all in.. 
feet. Then the velocity v=,/2s5H;; and its force =the weight 


of the quantity ~ B or HB of water, or = Bee HB hun-' 


dred weight: becaufe a cubic foot is = 62 3 lb. averd. Alfo. 
Pee ead is about 8% feet, or 5311b. andaton is 4 hogf- 
1éads. | 
When you have but a fimall quantity of water, you muft 
contrive it to fall as high as you can, to have the greater velo- 
city, and confequently more force upon the engine. _ 
.15. If water is to be conveyed through pipes to a great dif- 
tance, and the defcent be but {mall ; fo much larger pipes muft 


be ufed, becaufe the water will come flow. And thefe pipes. 
ought not to be made ftraiter in fome places than others s. fe 
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too {trait upwards; for the ftraiter they are near the top, the _ 


192. 


of 6 inches bore, and 60 or 70 feet high, the thicknefs mutt be 
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the quantity of water conveyed through them, depends upon. 
the bignefs of the bore at the {traiteft place. Liu 

Pipes of conduct coming direétly from af engine, fhould be 
made of iron, with flanches at the ends to fcrew them together, _ 
with lead between; or elfe of wood; for lead pipes will bulge 
out at every ftroke of the engine and burft. But pipes next a 
jet muft be lead. Pipes fhould not turn off at an angle, but 
gradually in a curve: pipes of-elm will laft‘20 or 30 years in 
the ground. But they muft be laid fo deep, that the froft may 
not reach them; or elfe the water muft be let out; otherwife 
the froft will fplit them. | , ; 

The thicknefs of any pipe muft be as the diameter of the 
bore, and alfo as the depth from the fpring. For a lead pipe 


= 
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half an inch. And in wooden pipes 2 inches. 

Water fhould not be driven through pipes fafter then 4 feet 
per fecond, by reafon of the friction of the tubes. Nor fhould 
it be much wire-drawn, that is, fqueez’d through fmaller pipes; 
for that creates a refiftance, as the water-way is lefs in narrow _ 

Ipes. SI 4 0 re 
‘ Age in pump work, where water-is convey’d through pipes — 
to higher places, the bores of the pipes fhould not be made 


lefs water will be difcharged. Nor fhould the pipe that brings — 
the water into the pump. be too ftrait, for the fame reafon. — 
The wider thefe are, the eafier the pump works, . 

When pipes are wind-bound, that is when airislodged in 
them that the water can hardly pafs: it muft be difcharged® 
thus. Going from the fpring till-you come to the firft rifing 
of the ground; dig it open till the pipe be laid bare, then — 
with a nail driven into it, at the higheft part, or rather a little 
beyond, make a hole in the top. And all the air will blow > 
out at the hole, and when the water comes, batter up the 
hole again. Do the fame at every eminence, and all the air 
will be difcharged. If the water runs faft through the pipes, 
the air will be beyond the eminence ; but {topping the water, 
the ‘air will\afcend to the higheft part. If air be driven in at 1 te 
firft, along with the water; the nail hole muft be left open; 
or a cock placed there’ to open occafionally. Sometimes a {mall 
leaden pipe is placed over the other, communicating with itin 
feveral places, in which isa cock at top to Open upon oc~ 
cafion. yee, (RE 

16. When any work is to be performed by a water wheel. i 
moved by the water running urder it, and ftriking the paddles — 

; f Pps oe A: 3 
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or laddle boards. T he channel it moves in ought to be fome- Fie, 
thing wider than the hole of the adjutage, and fo clofe-to the 192. © 
floats on every fide, as to let little or no water pafs; and when 

_ paft the wheel, to open a little that the water may fpread. It 
is of no advantage to have a great number of floats or paddles, 
for thefe paft the perpendicular are refitted by the back water, 

‘and thofe before it are ftruck obliquely. The greateft effect 
that fuch a wheel can perform, in communicating any motion, 
is when the paddles of the wheel move with + the velocity of 
the water ; in which cafe, the force upon the paddles is $ only; 
fuppofing the abfolute force of the water againft the paddles, 
when the wheel ftands ftill, to be 1. So that the utmoft mo- 
tion which the wheel can generate, is but +; of that which the- 
force of the water againft the paddles at reft, would produce. 

This is when the wheel is at the beft ; but oftentimes far lefs 

@ergone. a | 

Machines to raife water, though well made, feldom lofe lefs 
than } the computed quantity of water to be raifed. The beft 
contrived engine is fcarce + part better than the worft contrived 
‘engine, when they are equally well executed. 
A man with the beft water engine cannot raife above one 
 hogfhead of water in a minute, 10 feet high, to work all day. - 

17. When a weight is to be raifed with a given corporeal 30. 

power, by means of the wheel and axle; fo that the weight 
may receive the greateft motion poflible in a given time. The 
radius of the wheel and axle, and the weight to be raifed, ought 
to be fo adjufted, that the radius of the axle (EF) : may be 

to the radius of the wheel (45) : : as % the power (P)-: to 
the weight to be raifed (W) : or, which comes to the fame 
thing, the velocity gained by the power’in defcending, mutt’ 
be } the velocity which would be gained by gravity, in the 
fame time. — : | ha 

This only holds good, when the power is a heavy body, as 

well as the weight : but does not take place, when the power 

is fome immaterial active force, fuch as that of an elaftic me- 
dium, the ftrength of a fpring, Se. whofe weight is inconfi- 
_ derable. Anne : 

18. Thefe principles alfo are very ufeful, and neceffary to be 

known, where water works are concerned, 
The preffure of the atmofphere upon a fquare inch, is 14.7 10. 
averd. at a medium. — 
By The weight of a column of water, equal to the weight of 
the atmofphere, is 11 4 yards. 
a. ‘ : A cubic 
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A cubic foot of water weighs | 62 2/h, averd. and contains 


ale gallons. 


10.210. averd, 
A‘tun of water ale meafure, weighs 1.1 fun averd, at 6: 32 gal. 
lons the hogfhead. 4 
fel eee of water a yard high, and d inches diameter 
zs da ale calep ; and pati I gs dd pounds averd, ‘ 
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An ale gallon of water contains 282 inches, and weighs | ae 
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Pee eC Sar iy 
The defeription of compound machines or engines, 

and the method of computing their powers or 


forces: with fome account of the advantages 
and difadvantages of their conftruétion, 


ean sb ne CXKOT : 


To defcribe feveral forts of engines, and to compute their forces or 
<a effecis. 


_ There are two things required to make a good mechanic or 
engineer. The firft is a good invention for contriving all the 


Fic 


parts of a machine, to perform its motions and effects in the 


moft fimple and eafy manner. The next is, to be able to com- 
pute the power or force of it; to know whether it can really 
perform the effect expected from it or not. The foundation of 
both thefe has been already laid down in this book. What 


~ feems to be neceffary farther, is to give fome examples in prac- 


tice, by fhewing the conftruction of feveral mechanic engines, 
and computing their powers. As there is great {kill and fega- 


_ city in contriving fit and proper ways to perform any motion, 


fo this is principally to be attained by praétice, and a thorough 
acquaintance with machines of feveral kinds. I fhail there- 
fore give the mechanical conftruGtion of feveral forts of ma- 
chines, made for feveral different purpofes, which will affift 


_ the reader’s invention, and give him fome idea how he may 
_ proceed in contriving a machine for any end propofed. Of 


which I fhall only give a fhort explanation of the principal 
parts, not troubling the reader with any defcription of their 
muvuter parts, nor how they are joined together, or ftrength- 
ened, €9¢. It is fufficient here to fhew the difpofition, and na- 
ture of the principal parts : the reft belongs to carpenters, 
Joiners, {miths, €¥¢, and is eafily underftood by any one. 
\ SOS . see fy 
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te To compute their powers. 
1. As to fimple machines, they are eafily accounted for, and 


their forces computed, by the properties‘of the mechanic powers. 
2. For compound machines; fuppofe any machine divided 


into. all the fimple ones that compofe it. Then begin at the 


power and call it 13 and by the properties of the mechanic 
powers, find the force with which the firft fimple machine aéts 
upon the fecond, in numbers. Then call this force r, and ‘find 
the fotce it acts upon the third,-in numbers. And’ putting 
this force 1, find the force acting on the fourth, in numbers ; 
and fo on to the laft. ‘Then multiply all thefé numbers toge- 
ther, the product will give the force of the machine, fuppofing 
the firft power 1. | 

3. When pulleys are concerned in the machine ; all the parts 


Of the fame tunning rope, that go and return about feveral 


pulleys, freely and without interruption, muft be all numbered 
alike for the force. And if any rope act againit feveral others, 
it muft be numbered with the fum of all thefe, it aéts againtt. 
4. In a combination of wheels; take the product of the 
number of teeth in all the wheels that act upon and drive others, 
for the power; and the product of the teeth in all the wheels 
moved by them, for the weight.- Or inftead of the teeth take 
the diameters. . } | | + 
Or thus, 


When a machine is in motion, if you meafure the velocity 
of the weight, and that of the power, in numbers; then the 
firft number to the fecond, gives the proportion of the power 
to the weight. | ic 
| Otherwife thus, 


In wheel work, there are always two wheels fixt upon one 
axis ; or elfe one wheel; and a pinion, trundle, or barrel, which 
fupplies the place of a wheel. Of thefe two, call that wheel 
the /eader, which is a@ted on by the power, or by fome other 
wheel; and the other, on the fame axis, call the Sollower, which | 
drives fome other forward. Then having either the number of 


-'teeth, or the diameter, of each. Take the product of all the 


leaders, for the weight ; and the produd of all the followers, for 
the power. .Here the leader receives the motion, and the fol. _ 
lower gives it. ms | 
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4. And if the velocity of the power or weight be required. Fy, 


‘Take the produc of all the leaders, for the velocity of the power , 


and the product of all the followers, for the velocity of the weight. 
- Other things that are more complex and difficult, mutt be 
referred to the general laws of motion. | 

: Exampre I, 


Scifjars, pinchers, &c. may be referred to the leaver of the 


firtt kind. A bandfpike and crow are leavers of the firft kind. 


Knives fixt at one end, to cut wood, bread,. &c. are leavers of 
the fecond kind. The doves in animals, alfo tongs, are leavers 


of the third kind. A hammer to draw a nail is a bended leaver. 


(op Cea 


A windlefs, and a capftain in a fhip, and a crane to draw up 
goods out of a fhip or boat, may be referred to the wheel and 


Ex. ITI. 


| i All edge tools and infttuments with a foarp point, to cut, 


- 3s as BC : to fC. 


% 


4svas BC to AC. 


cleave, flit, chop, pierce, bore, Fc. as knives, batchets, fciffars, 
fwords, bodkins, Sc. may be reduced to the wedge. 


oa 2 yal Iv. . 


The bar AB bearing a weight C, may be referred to the 
leaver ; where the weight upon / : to the weight upon B : : 


Ex. -V. 
Likewife if two horfes draw the weight WY, in the directions 


At, B2, by help of the /wingiree AB ; this may be referred 


to the leaver. .And the ftrength or force at 4, to that of Bs: 
| re Ee, VI : 
7 ACB is a balance, where ‘the brachia AC, CB being equal, 


the weights in the two fcales D, # will be equal. T he pro- 
‘perties of a good balance are. 1. That the points of fufpen- 


_ fion of the fcales, and the center of motion of the beam, be in 
one right line. 2. That the brachia or arms be exactly of 


Vv 


equal length from the center of motion. 3. That they be as 
i Ra Bibi. long 
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long as poffible with conveniency. 4, That there be as little - 
friction as poffible in the motion. 5. That the center of oravity 
of the beam be in, or but very little below, the center. of mo- 
tion. 6, That they be in equilibrio when empty. 

If one brachium 4C be longer than the other CB, then the 
weight in the fcale E muft be greater than that in D, to make 
an equilibrium. And then you will have a deceitful balance, 
which being empty, or loaded with unequal weights, thall re- 
main in equilibrio, For dC :CB:: weight in’£ : weight in 
D, by the property of the leaver. But changing the weights 
from one fcale to the other, will difcover the deceit ; for the ; 
balance will be no longer in equilibrio. | 


Ex. VII. 


‘The fteelyard AB is nothing but a leaver whofe fulcrum is C, 
the center of motion. If the weight P placed at D reduces 
the beam 4B to an equilibrium. | And theresbe taken the equal 
divifions D1, 12,22, 34,\. €e. then the weight P placed 
fucceffively at 1, 2, 3, 4, @c. will equi-ponderate with weights 
as W’, fufpended at B, which are alfo as the numbers 1, 2, Be 
4, ec. refpectively. Moreover if the divifions D1, 1 2, 2 3% 
(Sc. be each =CB. Then if P be fucceffively placed at 1, 2, 
3, &ec. the weight W to balance it, will be refpectively equal 
to P, 2P, 3P, &e. that isto 1, 2, 3 pounds, &c. if Pisa 
pound. : 

For by the property of the leaver CP x P+-CDxP=—CBxW, 
that is PDxP=CBxW..)And CB: PD: : P): W, univer. 
Sally. Whence, if DP or D1 = CB, then W=P. If DP or 
D2=2CB, then W=2P, &c. But if CB be greater than Dr, 


/12, &c. then will the conftant: weight P be greater than W, 


2W, &e. i | | 
The properties neceffary for a fteelyard to have, are thefe. 
1. That the fixt weight P being placed at-D, where the di- 


vifions begin, fhall: make the beam in equilibrio. 


2. That the divifions D1, 12, 23, &c. be equal to one 
another. ras | 
3. That CB may be of any length, provided the weight P 
be rightly adjufted to it: wiz. fo' that CB: D1 :': P : 1 pound, 
if W be pounds. Or CB: D1:: P: 1 ftone, if W be ftones. 

4. That the beam be ftreight, and the upper edge in a line 
with the centers C, B. . 
5. That it move eafily and freely on its center C. 


a 


Many 


/ 


t 
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Many. fteelyards are likewife graduated on the under fide, 
which may be ufed by turning them upfide down, Generally 
one fide is for fmall weights, and the other for great ones, 
And each fide is adjufted by the foregoing rules; and all the 
crooks hanging at it (except the moveable one for the weight) 
- muit go to the weight of the beam. | 


Ex, VIII. 


Let AB be a cheefe prefs; CE, FG are leavers moveable about 
the points D, £, fF, G, by applying the hand at C. S the 
ftone or weight. A the cheefe. | 

Mee 5, DE=2,. PG —6,.GH =—2, FR—1, FH, 
Then in the leaver CZ, D is the fulcrum. Call the power at 
C, 1; then the force at & or F is 3, And in the leaver FG, 
whofe fulcrum is G; if the power at F be 1, the force at R 
is $, therefore the power at C, to the weight $; is as 1 to Z 
x¢or 3. Alfo the weight of the ftone at RK, to the preffure 


at H, as 2. to 5, or 1 to 3. And the power at C, is to the 


preffure at 7, as 1 to 3X2 Or 7% 
tis -Ex. IX. | 
Let EG be a fpinning wheel. Diameter of the rim EF=18. 


189 
FIC, 
190. 


189. 


gt. 


Diameter of the twill a2. Diameter of the whorle CD=3. | 


EabF the band going about the twill. EcdF the band going 
about the whorle. Therefore whilft the rim makes 1 revolu- 


tion, the twill makes 9, and the whorle and feathers 6. ‘There- 


fore there are 3 revolutions of the twill, for 2 of the feathers z. 
_ And confequently the difference of the revolutions which is. 1, 
‘is the quantity taken up by the twill, whilft the thread srw is 
twined by thefe 2 revolutions of the feathers. The greater the 
difference of the revolutions of the twill and feathers, the more 
the wheel takes up. And the nearer an equality, the more 
fhe twines. If they make equal revolutions in the fame time, 
fhe will not take up at all. “And if the feathers make no re- 
volutions, fhe will twine none. The greater the proportion of 
the rim, to the whorle and twill, the fafter fhe will do both. 


\ 


ee 24 '6 Xx, 


A machine to raife a weight by the force ‘of the running 
water JH, carrying the wheel LK, by means of the floats F, /. 
Let the diameter of the wheel ZK be 10; of GB, 2; of DC, 


lI; 


192. 


190 
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SPB Sec. T PATON oy oF ’ 
11; of AE, 3. Let the power of the water againft the floats 
F, be 1. Then the force at B to move the wheel CD, will be 
5; again if the power at B be 1, the force at 4 will be 3 3. 
Therefore the force of the water, to the weight 7; is as 1 to 
5X33, or as I to 183. | 


When the wheels and axles and weight are fo adjufted, that 


the velocity, of the floats at F, is 3 the velocity of the water 
there; then the weight W will have the greateft motion of af- 
cent poflible. For if any one thing be changed, whether the 


weight, or the diameter of any wheel or axle, whilft the reft 


remain the fame; the motion will be leffen’d. 


a”: < 


Th Atay «Pi 


In the machine FB, which raifes the weight W, by means of 


the wheel EG, and the perpetual fcrew BE. Leet the circum- 


two threads of the perpetual fcrew Z, be 1 inch. Diameter of 


the wheel EG = 5 feet, of D4 =2. Therefore if the power 


at C be 1, the force acting at # to turn the wheel ZG will be 
30.. And if the power at £ be 1, the force at D will be 2 2. 
Therefore the power at C, to the weight W; is as 1 to 30x23 
or 1 to 75. EN | ae 
_ Note, it is the fame thing whether CB be ftreight or crooked, 
whilft the diftance BC, in a ftreight line is the fame; and in 
meafuring ;* you muft always take the ftreight line BC. 


Ex... XII. 


In a machine compounded of wheels to raife a weight ; let 
AB=5, diameter of the barrel MMN=2, the number of teeth 
in the wheels and nuts, as follows; CD10, CE=40, FG= 
12, FH=50, Kil=12, IL=64. Then the power apply’d to 


£B, is to the weight W; as 1XIOX12X12 to 5X40X50x64; 
that is as 1440 to 640000, or as I tO 444 3. | 


But_if the power was at W, to move the weight B; then 


the ratio will be inverted. ‘For then the power will be to the 
force at B; as 444 to 1. Or if the velocity of B was re- 
quired; you will have the velocity of W to that of B, as 1 

. tO 444. | . 


Ex, XIIL 


A machine to raife a weight by help of the triangle ABEF, | 
the windlefs CC, and two pulleys P, 2. Let the diameter - 


HG 


~ 


ference defcribed by the power C be 30 inches, the diftance of ~ 


¢ - 
er a Fe . 
ee, in ee, eee ‘. 
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HG where the tope goes, be=2, radius CD=5. Then if the 
power at D be 1, the force at H is 5. And if the force at H, 
drawn by one rope, be 1, the force at W drawn by two ropes, 
will be'2. Therefore the power at D, to the weight W, is as 
ato 2%5 or 10. If the leg 4B be wanting; the other two 
may be fet againft a wall; or upheld by ropes; and then it is 
called a pair of fbeers.  — a 


rh he ony 


Tf he weight 4 is to be lifted by the 3 pulleys C, D, E, of 
which C is fixt. Call the power at B, x. Then the force 


ftretching 4E is 1 ; and both together is equal to the force of. 


DE=2; and force DA=2; whence, force DC=4; likewife 
force C4=4. ‘Therefore the whole force acting at 4 is 1-+-2 
-4=7, and the power at B to the weight 4; as 1 to 7. 


Bw UY: 


In this machine, /4CD is a running rope fixt at D, B a fixt 
pulley. Let the power at 4 pulling the rope 64 be 1. That 
on AC 1, andCD 1. Then will 4B be 2, and BC 2, BE 4. 
And the weight WY oppofing AC, BC and DC, will be 1+-2 
+1=4. Whence the power at 4, to the weight W; is as 1 
to 4. | 
a # Ex. XVI. 


Another machine with pulleys. 4 a fixt pulley; the ends 
__ of the feveral ropes are fixt at,B, C, D, E. Suppofe the power 
at M/=1, then the force on 47, FB is 1: on FG, GC, 2; on 
GH, HD, 4; on HI, IE, 8:. But the weight P acts againit 


I, JE, ‘and is therefore=16: and the power is to the weight, ° 


as 1 to 16. 
SCHOOL. 


“In a fingle pulley, as fig. 39. if a given power at P was to 
be a weight or heavy body, which was to raife fome other 
weight 7”; there will be the greateft motion generated in VW, 
_ Many given time, when V=tP. 

And in a combination of pulleys, as fig. 42. if a weight P 
was to raife another weight /”; and if, velocity of W : velocity 
of P::4P:W,; thenW will be the weight which will acquire 
the greateft motion in a given time, by that given power a 


é 
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Ex. | XVII. ” 


Let DE be a doat rowed by oars; and let ABC be one oar. 
Here the power acts at 4, and the pin B will be the fulcrum ; 


and the force at C, acting againft the water, is that which gives 


- her motion. Let the power at 4 be 1; then the force at C, 


_ by which the boat is moved, is 


Bia : 
aa7 Whence the longer 4B, 


or the fhorter BC is, fo much more power there is at 4 to move 


her forward. 


Therefore long oars have the difadvantage of lofing power. 


Yet the oars may be too fhort, as well as too long. For if. 


they be very fhort, the motion of the boat will allow little time 
to ftrike, and they will have but fmall force to aét againft the 
water with, in fo {mall a time, as well as from the flow motion 
of the end C; which is a difadvantage on the other fide. 


Ex. XVIII. 


Let FR be a boai or a foip, AS a fail. Suppofe a plumb- 
line drawn through the center of gravity of the feétion of the 
fhip and water; and another line BO, parallel to the horizon 
and to the axis or keel of the fhip, and to pafs through the 
center of preffure or refiftance of the fhip, which fhe has by the 


water in her motion. - Let this interfeét the former plumb-line - 


inO. Through C the center of gravity of the fail, draw CD 


perpendicular to the fail; and CB perpendicular to BO, and — 


AS in the plane of the triangle CBD. 3s 

Then if DC be the force of the wind againft the fail 45, 
then DB is the force generating her progreffive motion, and 
BC is the force lifting the fhip upwards. Now the force DB, 
acting at C, in direction DB, endeavours to turn the fhip, round 
an axis pafling through O; with a force which is equal to the 
abfolute force BD x by the diftance CB, or CBXBD; and this 


is the force by which her head is depreffed. Likewife the force 
BC, in direction BC, endeavours to turn the fhip round an axis . 

at O, the contrary way; and that with the force BC x diftance ’ 
BO, or BC x BO; and this is the force that raifes her head. 


Therefore the force to raife her head is to the force to deprefs' 
it, as CBxBO to CExXBD, or as BO to BD. - : 
Hence,. if the point D fall before O, then the fail endeavours 


to raife the fhip’s head; if it be behind O, it endeavours to 


fink it. If it be in OQ, it will keep her fteady. And the height 
eh , EOF 


° 
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of the fail 48 contributes nothing to her progreffive motion ; the e°r?Gh 


1 


fame ratio of the abfolute to the progreffive force, remains itil] 
as CD to DB. Y | 7 

_ EF is a cart or carriage, BD a rub for the wheel CAD to pafs 
over, AB the horizontal plane; DB, AC perpendicular, andOD 
parallel to 4B. C thecenter of the wheel. Then the horizon- 


_ tal force required to pull the wheel over the rub BD, ‘is. as 


; w: ‘a ens ® ° . 
as And the difficulty of going over rubs increafes in a greater 


ratio than that of their heights.. Alfo the higher the Wheels, the » 
more eafily they pafs over them; but then they are more apt to 


overturn. Io draw the cart with the leaft power over the rub 
BD, it fhould not be drawn in the horizontal direction AB: or 
OD; but in the dire€tion AD. The advantage of high wheels, 


_ is that they pafs the rubs moft eafily, and they have alfo lefs 


friction ; and fink lefs in the dirt ; and more eafily prefs down 
an obftacle. But their difadvantage is, that they eafily over- 


turn; they alfo make cattle draw too high ; for they can apply 


their ftrength beft when they draw low and upward, as in the 


direétion 4D; which is the advantage of low wheels. Yet if 
the wheels are high, they may be made to draw low, by fixing 


_ the limmers ,or traces as far below the axle as you will, 


which will then be an equal advantage with low wheels. For 
the power not pulling’ at the wheel, but at the catriage, may 
draw from any part of it. There is another advantage in fmall 


wheels, that they are better to turn with. 


A waggon with 4 wheels is more advantageous than a cart with 
only 2 wheels , efpecially on fand, clay, &¢. Narrow wheels 


and narrow plates are a difadvantage; the broader the wheels, 


the lefs they fink, and therefore require lefs draught, and alfo 


cut the roads lefs ; yet they take up a great deal of dirt, which 


clogs the carriage. There .is a great deal of friction in all car- 
rages, as is evident by the force required to draw them upon 


plain ground. And for that reafon, experience can only inform. 
us, how much force is able to draw any carriage. To make 


the refiftance as {mall as can be ; axles of iron, running in brafs 
boxes inthe wheel naves, go the eafieft. 

The {pokes in the wheel ought to -be a little inclined out- 
wards ; that when a wheel finks into a rut, the {pokes ( bearing 
then the greateft weight) may be nearly perpendicular to the ho- 
fiZON. to dee 4 a 

AS | The 
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103. 


that force is the greateft, the angle WCF will be 54°: 44". 


DESCRIP FPON of 
The underfide of the axle-tree, where the wheels run, ough 
to be nearly ina right line; if they flant much upward towards. 
the ends, the wheel will work againft the lin pin. Yet this. 
caufes the wheels to be further afunder at top than at bottom, 
in the rut, becaufe the ends of the axle-tree are conical; which 
is an inconvenience. ; | 


{ 


Ey ee 


Suppofe the waggon FG is moved forward, by a power acting: 
within it. Which power turns the wheel DZ by the fpokes 4D, 
AD, Se. and DE turns the wheel JC which carries the waggon. 
Let the power at 4 be 1, then the force acting at E will 


DA 
be DE 


the waggon is moved, will be so | Therefore the power at 4, 


; alfo if the power at E be 1, the force at C, by which 


to the force by which. the waggon can be moved ; is as 1 | 


DAXBE 


2 DEXBC 


Or the power is to that force, as DEXBC to. 


DAxEB. It will be the fame thing, if inftead of teeth, the 
wheel DE carries EB by a chain going round them. You muft 


fuppofe the like wheels on the oppofite fide. d 
Hence if the abfolute force to move the waggon without, be 


1; the force within, applied at /, to.move it, will pula i 


Ex. XXL 


- 


ABCD are the fuils of a windmill, all alike inclined to their 


common axis, and facing the wind, and turning about in the ~ 


order ABCD. WC the direction of the wind parallel to the. axis 


EH. Since WC is perpendicular to EC, draw CF in the fail - 


perpendicular to EC; then the angle WCF will be the angle 


of incidence of the wind upon the fail. Therefore the force of — 
the wind to turn the fails about the axis EH, is as the {quare of 
_ the fine of the angle WCF x by its cofine. And the force aét- 


ing againft the mill,"in direction of the axis ZH, is as the cube 
of the fine of WCF. Now fince the force of the wind to turn 
the fails round, is as SWCF~ x cof. WCF; therefore when 


a 


And 


‘ 
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‘ ‘And this is the moft advantageous pofition of the fails to Fic. 
move them from reft; and would always be fo, if the wind 203. 


ftruck them in the fame angle when moving as when at reft. 
But by reafon of the {wift motion of the fails, efpecially near the 
end G; the wind ftrikes them under a far lefs angle ; and not 
only fo, but as the motion at the end G is fo fwift, it may ftrike 
them on the backfide. Therefore it will be more advantageous 
to make the angle of incidence WCF greater, and fo much more 
. as it is further from FE. Therefore at the places », 0, G, the 
tangents of the angles ought to be nearly as the diftances, Ev, 
_ Eo, EG. * And therefore the fails ought to be twifted, fo as at 
~ r to lie more fharp to the wind ; and at G almoft to face it. And 
by that means they'll avoid the back wind. 


Sah. 
My Ex. XXII. 


GB is a common fucking pump; GKL the handle ; CD the 


bucket; #, F two clacks opening upwards. When the end L 
is ee down, the end G raifes the fucker or bucket CD, and the 
valve or clack E fhuts 5 and the water above the bucket being 
‘taifed, the weight of the atmofphere is taken off the water un- 


derneath inthe pump. ‘Then the preffure of the external air in. 


the pit or well AZN, raifes the water up the pump, opens the 
valve F, and afcends thro’ the hole B into the body of the pump 
DB. Again, when the handle LZ is raifed, the bucket CD de- 
feends, the valve F opens, and let’s the water afcend through 


i it, and the preffure of the water fhuts the valve £, fo that the 


water cannot return through B. Then whilft the end Z is put 

down. again, the fucker CD is raifed again, together with the 

_ water above it, whilft more afcends through B. So that at every 
Stroke of the handle, water is raifed into the pump; till at laft 
it flows through the pipe H. a “oes shea 

- If the bucket CD be more than 30 or 32 foot, from the furface 

of the water JZN in the pit, no water will afcend above it; for 


mutt always be within that diftance, or this pump is ufelefs for 
‘ailing water. — | 7 
The weight of water which the bucket lifts at each ftroke is 
that of a colurnn of water whofe height MH, and its diameter 
that of the bore of the pump at CD where the bucket goes. 
therefore as GK to KL :: fo the power applied at ZL, to that 
weight. ‘Therefore it fignifies nothing where the bucket is placed, 
as to the weight of water. If a leak happens in the barrel of the 
pump below the bucket CD ; the air will get in and hinder the 

ae Cic.2 . - work- 


the preflure of the atmofphere reaches no farther. Therefore it. 


2046 


Bs rye 
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F 1G, working of the pump: If above CD; only fome will be lot ie | cm * 


come at to repair it.. . 


: b wae sab SDS Ria. 1 
The bucket, fucker, or pifton, is to be farrounded withi Jea- 


knob at the end L. 


- 
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+ = HM the height from the water in yards: 9. 


caf 


as 3 or 4 inches ; which will make the pump go fo much ther 
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206. Ifa man fitting in the {cale E, be in equilibrio. witha weight. 


fcales is to-the contrary force at F, as CL.to CF or CB, For it 
And when the perpendicular obftacle GH hinders the f{eale from. 


-) & 


ie 


| contrar 
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at Z, and D. The force BD tending to or from the center, does ¥ 1c, 


nothing. But the force ZB at H, acting at the diftance CB, its 


. power to bring down the fcale FE is CBX BE. And the fame 
force acting at D, its power to puth up the feale is CD x BE. 
And their difference DB x BE is the abfolute force to thruft 


down the fcale. And this force is to.the whole thrufting force 
DE, as DBto DE. And if D were on the other fide of C,. the 
force would ftill be DB x BE, or CB + CDx BE. 

But if the fcale Z-was not. moveable about B,.as if it were 
tied by the cord DE; then no force acting again{ft any part of 
the beam /B, could have any effect to deftroy the equilibrium. 

ae Ex. XXIV. 


ly at one end C, and pulling the end B towards him by the rope 
EB, in order to keep himfelf and the plank from falling. 

_ Imagine the man and the plank to be one body ; then the ac- 
tion and re-action in direction EB, deftroy one another, and his 
pulling does nothing.. It would therefore bein vain for him to. 
endeavour to fupport himfelf by that force; for both he and the 


plank mutt fall down together towards B, by their own weight... 
pee | Seem KRY : 


_ CD is a machine with two wheels fixed to an axis DP, round: 


which goes-a cord GDFE. There is a power at E endeavouring 
to draw the machine towards F, in ,a direction -parallel. to the, 
horizon HO, by the cord EF, going under the axis DF. In 
the radius 4H of the wheel, take 4B equal to the radius of the 
axle DF, towards H, becaufe the ftring goes below it. Then 
the force to move the machine, .is the fame: as if the {tring was 


willbe as BH... Therefore it would be in vain,, by pulling at 
the ftring, to endeavour to make the body roll towards D, the 
contrary way. Butif DF was greater than the diameter of the 


wards 


at 


™ es) MPS ° me 
_ if the dire@tion. of the power DE be elevated above the hori+ 


_ Zon, as.fe ; then the machine could approach or recede, till. the, 
direction of the ftring ef fell upon the point of contact H,. and 


it would reft. o% 


there 
Bi on, , * swage ite 
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| ‘Suppofe a man 4 ftanding upon the plank CB, fupported on- 


‘that is, if B falls beyond H; then the force drawing to- | 
, would move the body towards D the contrary way. ~ 


205. ! 


207%. 


208. 


fixed at. B ;. where H is the fulcrum, the weight... Then,the 
' force to move the machine towards.#, with the given power £, | 
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Ex. XXVI. 


AB is an artificial kite, kept up by the wind blowing in direc- 
tion WC, by drawing the ftring AJBIH, fixed at 4 and B. The 
kite will gain fuch a pofition, that HJ produced will pafs through 
the center of gravity of its furface at C. Draw CO perpendicular 


‘ to BY, and DO perpendicular to the horizon HO. Then OC 


- fame at all altitudes. And fhe can never afcend fo high, till the — 
angle of altitude CHO be equal to ACH. And hence it follows, 
that the leffer the angle HCO is made, the higher the will rife. - 
And likewife the greater the wind is, or the lighter the kite, — 


210. 


(2ii. 


1s the direction of the force of the wind atting againfe the kite; _ 


and the force of the wind to keep her up, is as the fquare of the 


fine of the angle ACW or COD. Now if DO reprefent the gi- 


ven weight of the kite, CO will be the force of the wind aéting 


againft her, and CD the force pulling at the ftring. The tail. 
EF (with a bullet at the end) being always blown from the 


wind, keeps her head always towards the wind. 
As the direCtion of the thread always pafles through C, there- 
fore the angle ACH, and confequently HCO, will always be the 


ceteris paribus, the higher fhe will rife. 
After a like manner a machine as ad may. be contrived, to 


keep at the top of a running water, being held by the ftring 


de tyed to a ftone and funk to the bottom: ad is a thin 
board, a piece of lead to fink the end 4, but the whole muft 
be lighter than water, cd an iron pin fixed at C; Or the ma- 
chine may have a Joofe tail at 4, heavier than water as in the 


kite. 
Ex. XXVII.. 


If AB is a machine to be moved by a powet acting at C out 


of the machine, in direction DC. DF, GI two leavers within - 


the machine, moveable about the two fixed fulcrums EF, H. 
Call the power at C, 1; then the force at F to move the leaver 


GI, is i Then if the force at F be 1, that at the obftacle J 
out of the machine is sais Therefore if the power at C be 1, 
the fotce acting againft the obftacle at J, or which is the fame 


thing, the force urging forward the machine towards B, is 


EFXET But the power at C draws back the machine with 


force 


~- 
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force 1. Therefore the abfolute force urging forward the ma- 


DEXGH __ .. DEXxGH— EFx HT 
EF x HI EF x HI 


chine is. 


on 


ie Note, if the force at F be 1 ; the force againft H is oe But 


this is not the force urging forward the machine, but to tear her 


4m pieces, or to feparate the fulcrum’s Z, H, from one another. 


If there had been three leavers, and the power at D; the 
third, had been dire¢ted towards K, the way the machine goes; 


then the power at 1 muft be added to the force at J, and the 


whole is the force urging forward the machine: | 
Hence, if the abfolute direct force to move: the machine be 


1, the power applied at D, which is able to move it, will be 


_ EFX HI ; oh 
Z Mis Wide : : 
DExGH—EFxar Pi if the power at D aé& within the 
: EF % HI 


CES se this power could only be DExGH’ fince there is 


"then no force to be deducted, for drawing back the machine. 


Ex. XXVIIL 


4 DABHis a wooden bridge. AC, AD, AB, BH, BO, beams of 
timber. DE, EL, SR, RH, braces to ftrengthen the angles 4, B, 
The ftrefs upon any of the angles, is, ceteris paribus, fo much 
greater, as the angle is greater. But the ftrength on any angle 
4y is asthe perpendicular AP. 7 . 


Ae ORG Sc MOG. | 
AB a failing chariot. -CDEF horizontal fails, fo contrived 


_ that the fails D facing the wind may expand, and thofe going: 
_ fromthe wind may contraét. The fails are turned about by the 


wind coming from any coaft. Thefe fails turn the axis and 
trundle GH. And the trundletturns the wheel JZ, by the cogs 


init. Therefore the chariot may move'in any dire@ion. R is 


a rudder to fteer with, 
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_ Suppofe the chariot to go againft the wind, Let D’be the'cen- 


ter of preffure of the two fails C, D; the wind blows on. And 
let the power, (that is the force of the wind acting: apainft the 


_ fails) be 1, then the force acting. againft the teeth in JZL,. is 


an And this force being 1, the force at Lis alfo r. There- 
2 Se ae fore 


. 
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fore the power-at D to the force'at L-5 is as r to~ ee TO 


: : OT aa 
as OH to GD. Now fince the~maft is ftrained by the powet 


falling on the fails, therefore by this power OH, .the chariot | 


is urged backward. And by the force at Z which is GD, it 
is urged forward. Let R be the force of the wind upon the 
body of the chariot, together with the friction in moving. 


‘Therefore if GD is greater than the radius OH-+-R, the cha- | 
riot will move forward againft the wind; if lefs, backward. 
But if they be equal, it will ftand ftill. sie ve” 


FG a chariot or waggon to fail againft the wind. S the fails 
of a windmill, turning in the order 1, 2, 3. As the fails go — 
round; the pinion 4 moves 8, and the trundle C moves p, 


which has both teeth and cogs. D by its teeth moves £ ; and 


the trundle # fixt to the axle-tree carries round the wheels H, J : 


which move the waggon, in direction HG. 
The fails are fet at an angle of 45°, fo the force to turn 


them, and the force in direction of the axis, will be equal. . 
This waggon will always go againft the wind, provided you 
give the fails power enough, by the combination of the wheels. — 


But then her motion will be fo much flower. 


Ex. XXXi | oh 


. ah ROE . s ao 4 pis 
_ Let AB be part of a rope, cd, cd, Sc. the particular ftrands | 
running about in a fpiral manner. Let FH be the axis of the 
rope, the angle GFA or HFK the obliquity of the ftrands. | 


Draw KH, GH parallel to FG, FK, and draw GEK. ‘Then 
the tenfion of the rope in-direétion HF, is to the ftrefs on all 
the ftrands in direction FG; as FH to FG+FK or FG+GH, 
that is, as EF to #G. Therefore the abfolute force by which 


_ the rope is ftretched, is to the ftrain or ftrefs upon all the 


{trands, or upon the twifted rope; as FE is to FG ;' and fo is 
the length of any part of the rope, to the correfpondent length 
of a ftrand. | | a 

Hence ropes the leaft twifted are ftrongeft and bear the moft, 


‘weight ; and the harder they are twifted the fooner they wil 
break. And for the fame reafon if they be double twifted, — 


they will be weaker ftill. But as it is very difficult to make 
all the fibres pull equally without twifting, and impoffible to 
make a rope hold together without it. Therefore it is neceflary, 

as 
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it have as much, as to prevent the fibres from drawing out; Fic. 


and a fmall degree will not much impair its ftreneth. A rope 
confifting of feveral ftrands, is thicker when twifted, than when 


untwitted. 
apy Gv Ex. XXXII. 


ABC a fyphon or crane. If the fhorter end 4B be immerfed 
in a veflel of water 4D, then by applying the mouth to the 
end C, and fucking till the water comes, it will continue to 
flow out at the end C, as long as that end is lower than-the fur- 
face of the water at D. If there be a mouth-piece at Z, then 
fucking at Z (whilft the end C is ftopt with the finger) will 
make the water ow, when the finger is taken off. And when 
the water is begun to flow, the hole at E fthould be ftopt up, 
or elfe the water will fow no longer, than till the furface at D 


~ be as low as E. 


The reafon of its flowing is this: the perpendicular height 
of the column of water BC’ being greater than that of BD; 
the preffure at C is greater than at D; and the preffure of the 
atmofphere being the fame at D and C; therefore the ereater 
weight at C will make it flow out there ; whilft the preffure of the 
atmofphere at D forces more water up the tube DB; and fo 
keeps it continually running as long as there is any water, and 
the end C continues lower than the furface at D. But if C is 
higher than D, the water will return back into BD. But if 
the height DB exceed the preffure of the atmofphere, which is 


| 30 or 32 feet ; then it cannot be made to flow out at the end 
C3 orif there be a hole in the fyphon higher than the furface 


at D; the air will get in, and the water will return through 
BD. Or if the fyphon be very wide, the air will infinuate it- 
felf into the end C, between the water and the tube ; which will 
hinder it from running. To prevent which the end C may be 
immerfed into another veftel of water, lower than the furface 
at D. If the ends of the cyphon be turned up, as F, G; then 
the water will remain in the fyphon, after it has done working, 
which in the other will all run out. ni 


Ex. XXXII. 


_ CDLF a veftel of water; 4B’a tube open at both ends, and 
about ¢ inch diameter. AE a quantity of mercury put into the 
tube. Then ftopping the end By let the’ other'end 7 be im- 
merfed deep enough in the water... Then opening the end B} 
the mercury will fink fo deep in the tube, till the height fe 
it t | Hua the 
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‘the water 4B be 14 times the height.of the mercury ZZ; and 


then the mercury will be at reft... 
For the fpecific gravitys of water and mercury being x and 
14, the column of water 48 will be equal in weight with the 
column of mercury 4E. ‘Therefore the preflures at 4 being 
equal, they will fuftain one another. 


E X, XXXIV. 


A, B, are two barometers, ed is a tube, its bore jor 4 inch 
diameter, at leaft, clofe at top, and communicating with the 
veflel C, with mercury init. C is open to the external air. 
The ufe of this. inftrument is to fhew the weight of the atmof- 
phere, and its variations. This tube and vefiel with mercury, 
is put into a frame, and hung perpendicular. Near the top of 


‘the tube is placed a fcale of inches, by which the height of the 


mercury in the tube is known; and likewife a fcale for the 
weather. At the top of the tube above the mercury is a vacu- 
um. Now the atmofphere prefling upon the furface of the 
mercury at C, keeps. the mercury fufpended at the height @ in 


the tube, which therefore will be higher or lower according to 


the weight of the atmofphere. The height of the mercury in 
the tube is generally 28, 29, or 30 inches; feldom more. If 
any air get into. the tube it fpoils the machine. Left. the 
guickfilver ftick to the glafs, it is good to drum a little with 
the fingers upon it, in making any obfervation. 4 


Rules for obfervation of the. weather. 


1. The rifing of the mercury prefages fair weather. It rifes 
and ftands higheft in ferene, funfhiny, droughty weather : and 
in calm frofty weather it generally ftands high. In thick fogg 
weather it often rifes. , | 

2. The falling of the mercury denotes foul weather. It ge- 
nerally falls or ftands low, in rainy, windy, or {nowy weather. 

3. In windy weather the mercury finks loweit of all; and 
rifes faft after ftorms of wind. Ash . | 

4. In very hot weather the falling of the mercury forefhews. 
thunder. 

5. In winter, the rifing foretels froft; and falling in frofty 
weather foretels thaw. . 

_ 6. In continual froft, the rifing prefages fnow. At other 


times, it generally falls in fnowy weather, 


; 4. When 
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+, When the mercury rifes after rain, expect fettled ferenity ; Fro. 


if it defcends after rain, expect broken fhowery weather. 


» 8. When foul weather happens foon after the falling of the- 


‘mercury ; or fair weather, after its rifing ; expe but little of it, 
g. In foul weather, rifing faft and high, and continuing fo 
2 or 3 days, before the foul weather be quite over ; expect a 
continuance of fair weather to follow. 
‘ro. In fair weather falling faft and low, and continuing 2 
or 3 days-before the rain comes ;. expect a great deal of wet, 
and probably high winds. ait 


11. Unfettled motion of the mercury, denotes unfettled wea- 


ther. © : 

12. The greateft height of the mercury is upon eafterly and 
north-eafterly winds. iS ae 
13. The! alterations are’ greater in northerly parts, than in 
the more foutherly ; and there is: little or no variation within 


the tropics. - 
’ Ex. XXXV. 


ABE is an artificial fountain. A is an open vefiel, B a-clofe 


one ; E maybe made clofe by ftopping the hole C; thefe veffels. 


all communicate by the tubes F, G. “The tube F' reaches near 
the top of #, and the tube G near the bottom of B. Pour 
water into C: almoft to the top of the pipe F;:and {top the 
hole C. Then pour water into 4 which will run down into B. 
Then open the cock D, and the water will {pout up to the 
height of 4B above D. For the air in B, F, E is condenfed 
by the weight of the column of water /B’;-and its preffure on 
the water in C, is equal to the weight of that column; and will 
therefore make ‘the water fpout ‘to that height above the water 
in €, nearly, But the pipe leading to D muft be turned curve. 


Ex. XXXVI. 


| AB is a dart or an arrow; at A, 3 or 4 feathers are placed 
‘Rearly in planes paffing through the arrow. If the: feathers 
_ Were exactly in this’ plane; the air could not {trike againft the 
feathers, when the arrow isin motion. But fince they are not 
fet perfectly ftreight, but always a little aflant; whilft the ar- 
row moves forward, the air {trikes the flant fides of the feathers ; 


by which forcé the feathers are turned round, and with the. 


feathets ‘the‘arrow or reed. So there is generated a motion 
about the axis of the arrow; which motion will be fwifter as 
} they ftand more aflant. This motion is like the motion aa 
ak a 2 ai 


a 
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DESCRIPTION 


fails and axle of a windmill, turned i ve the wind. The 
head B is made of lead or iron, and will therefore'go foremoft 
in the air; and the feather’d end 4 the hindmoft, as ps 
lighter. An arrow will fly about 60 oa in a fecond. 


/ 


Ex. XXXVI. 


AB is a veffel which keeps its liquor till fll’d to a certain 
height; and if filled higher,. lets it all run out... EFG is-a 
crooked pipe or crane open at both ends. If water be poured 
into.the veffel, it will continue in_ it till it rifes above F, and 
afcend to the fame height in the pipe HF. But rifing above F; 
the prefiure at Z, will make. it-run out through the pipe EFG, 
till the furface of the Auid defcend as low as E. _ This is fome- 
times called Tantulus’s cup. ‘The funnel ZFG ray be pes in 
the handle of this cup; which will look neater... 


Ex. XXXVI. 


BC, CG are-two. bones of an: animal, moveable abou the 
joint, FK, by. help..of the mufcle.KD.. The joints.of animals 
are either fpherical..or circular, ‘and. the cavity they move in, jis 
accordingly either {pherical or circular. -And the center of mo- 
tion is in the .center of the {phere,or circle, as ab Cor, Let W 
be a weight hanging at B, and, draw. CP, GK. perpendicular 
to BW, KD... Then if the weight W be: fufpended by the 
ftrength of the mufcle KD; it. will be asCK: PC: :W ; 
tenfion of the mufcle KD. an 

The bone BC is moved about the joint FK, by the fuenael 
of the mufcle KD: .:For when the mufcle is contracted, the 
point K is moved towards D and theend B, towards, £,, about 
the immoveable center of motion C. eae ftrength of the. muf- 
cles is furprizingly great. | 

Borelli (in his book, de Motu goo Part I. Prop. XXII.) 
computes the force of the mufcles to bend the arm.at the elbow ; 
and fays, a ftrong young fellow can. fuftain .at, arms; end; a 
weight of 281b. taking. in, the weight of the,arm. ..And.he 
finds the length of CB to CK to be in. a greater proportion, than: 
that of 20 to 1. . Whence he infers. the ftrength of thefe mu 
cles to be fo. great, ‘as to bear a ftretch at leaft, of 560 1b., ..; 

It is evident that all animal bodies are machines.” For what 


- are the bones but leavers, moved ‘by a certain, power, placed, 


in the mufcles, which act as fo many ropes, pulling at the bones, 
and moving them about the Joins P Every joint, reprefenting; 
b .§ the 


Be 


‘reafon of the great flexure of the joints required to afcend, and 
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the fulcrum or Cente of motion. What are all the veffels but rac; 


tubes which contain‘fluids of different forts, deftined for the 22, 


ufe or motion of the feveral parts of the machine ?) And which 


' by opening or fhutting certain valves; let out or retain their 


contents as’ occafion requires ; or convey them to diftant places, 


by other tubes communicating therewith. And therefore all | 


thefe motions of an animal body, are. fubject to the general laws 
of mechanics. 3 | ae 


Phe motion of a man, walking, running, &c. will eafily be 
accounted for. Let us firft fuppofe a man fitting-in a chair ; 
he‘cannot rife from his feat, till by thrufting his head and body 
forward, and his feet and legs backward, the line of direction, 
or the perpendicular from the center of gravity, pafs through 
his feet, as the bafe. Likewife when we ftand upon our feet, 


’ the line of direétion mutt fall between our feet ; otherwife we 


cannot ftand, but muft fall down towards the fide the center of 
gravity lies on. And when a man ftands frm upon his feet, 
his legs make an ifoceles triangle, the center of gravity lying 
between them. And then he is not: fupported by the ftrength 
of the mufcles, but by the bones of the legs and thighs, which 
then ftand in’a right-line with one another. ) 
‘When a man AC endeavours to walk, he firft extends his 
hindmoft leg and foot’ S almoft toa right line, ‘and at the fame 
time bends a little, the knee Hof his fore leg’ Thus his hind 
leg is lengthened, and his fore leg fhortened; by this means 
his body is moved forward, till the center of gravity Y falls 
beyond the fore foot B; and then being ready to fall, he pre- 


fently prevents it, by taking up the hind foot, and by bending 
the joints of the hyp, knee, and ancle, and fuddenly tranflating 
-it forward to T, beyond the center of gravity: and thus? he 
gains a new ftation. After the fame manner’ by extending the | 


foot and leg HB, and thrufting forward.the center of gravity, 
beyond'the foot’ S, (and then*tranflating the foot B forward, 
he @ains a third’ ftation\’ And thus: is»walking continued) at 


|’ His two feet do not go in one right line, but. in two lines 


parallel to:one another... ‘Therefore’a man walking has a li- 


bratory motion, from one fide to the other: and it is not pof- 

fible to walk in a right lines.) : 
Walking on plain ground is eafy, pleafant, and performed 

with little labour, But in going up hill is very laborious, by 


their 
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their fuffering more ftrefs from the weight of the body in: that 
pofition. Defcending down hill is, for the fame reafon, more 
laborious than walking on plain ground, but not fo bad as af- 
cending. 3 / 

The walking of birds is not unlike that of men; only their 
weight is intirely fupported by the ftrength of the mufcles ; 
fince their joints are always bent. Alfo their feet go in two 
parallel lines. | | | 

A man in walking always fets down one foot before the 


_ other be taken up: and therefore at every ftep he has both feet 


225, 


upon the ground. But in running he never fets one down till _ 
the other be up. So that at each ftep he has but one foot upon 
the ground, and all. the intermediate time,, none. A good 
footman will run 400 yards in a minute. 


ee ey Al, 


i When a beaft ftands; the line of gravity muft fall within 


the quadrilateral made by his 4 feet. And when he walks, he 
has always 3 feet on the ground, and one up. Suppofe he firft 
takes up the hind foot C. Before he does this, by extending 
his leg backwards, he thrufts forward his body and the center - 
of gravity, then taking up the foot C he moves it forward to 
F. Then he immediately takes up the fore foot Bon the fame 
fide, and carries it to H; then he takes up the hind foot D, 
and tranflates it forward; and then the fore foot 4; then F 
again; and fo on. ae 

When he trots, he takes up two together, and fets down two 
together, diagonally oppofite. 

When he gallops, he takes up his feet one by one, and fets 
them down one by one ; though fome animals, {trike with the 
two fore feet. nearly at once, and the two hind feet near at 
once; and have not above two feet on the ground at once. A 
good horfe will run half a mile in a minute. | 

Animals with 6 or more feet, take up the hindmoft firft-, 
then the next, and then’ the next in order, to the foremott, all 
On one fide ; and after that, all the feet on the other fide in the 
fame order, beginning at the laft. If they were to take up 
the foremoft firft, the animals would move backward. 


Ex. XLL 
AD is a bird flying in the air, by help of the wings F, 7; 


and the tailC. The ftructure of sheir wings are fuch, that in 
ftriking 


4, 
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become almoft two planes, being fomething hollow on the un- 
der fide. And thefe planes are not then horizontal, but inclined, 
fo that the back part Kis higher than the fore part DFG. Buc 


in moving the wings upward, to fetch a new ftroke, they go 


with the edge DFG foremoft, and the wings contract and be- 


come hollow. Their bodies are fpecifically hghter than men. 


or beafts. ‘Their bones and feathers are extremely porous, 
hollow, and light. The mufcles by which their wings are 
moved downwards, are exceeding large, being not lefs'than a 
fixth part of the weight of the whole body. When a bird ‘is 
upon the ground and intends to fly, he takes a large leap ; 
and ftretchine his wings right from his body, he ftrikes them 
downwards with great force, by which they are put into an 


_ oblique pofition ; and the refiftance of the air, acting ftrongly 


againft them by the ftroke, impels them, and the bird, ina 
dire€tion perpendicular to their planes : which isin an oblique 
dire€tion, or partly upwards and partly horizontally forward : 
the part of the force tending upwards is deftroyed by the weight 
of the bird; the horizontal force ferves to carry him forward. 


' ‘Phe ftroke being over, he moves his wings upwards, which be- 


ing contracted, and turning their edges upward, they cut through 
the air without any refiftance, and being fuificiently elevated, 
he takes a fecond ftroke downwards, and the impulfe of the 
air moves him forwards, as before. And fo from one ftroke 
to another ; which are only like fo many leaps taken in the air. 
When he has a mind to turn to the right or left, he ftrikes 
ftronely with the oppofite wing, which impels him to the con- 
trary fide. The tail acts like the rudder of a fhip, except 
only that it moves them upwards or downwards inftead of fide- 
ways ; becaufe its plane is horizontal. If a bird wants to rife, 
he puts his tail into the pofition LH; or if he would fall, into 
the pofition ZZ. Whilft it is in the horizontal pofition LC, 
it keeps him fteady. A bird can by fpreading his wings con- 
tinue to move horizontally for fome time, without ftriking. 
For having acquired a fufficient velocity ; by keeping his wings 
parallel to the horizon, they meet with no refiftance ; and when 
he begins to fall by his weight, he can eafily ftear himfelf up- 
ward by his tail; till his motion be almoft {pent, and then he 
muft renew it by two or three more ftrokes of his wings. When 
he alights, he expands his wings and tail full againft the airs 
that they may meet’ with all the refiftance poffible. The centet 
of gravity of a bird is fomething behind the wings; to patie. 

: which, 
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ftriking downward, they expand to their greateft breadth, and ric, 
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F 1G. which, they thruft out their head and neck, in flying; which 
225. 


carries the center of gravity more forward. i 
It is impoffible that ever men can fly, by the ftrenoth of 

their arms. For their pectoral mufcles are vaftly too weak to 

fupport fuch a weight. For ina man, they are not the 6oth 

part of the reft of the mufcles of the body : but in a bird they 

are more than all the others put together. | . 
Some birds will fly 1000 yards in a minute. 


Ex. XLIL. 


AB isa fifo a fwimming ; which he does by help of his fins 
and tail. A fifh is nearly of the fame fpecific gravity as water ; 
and moft fifh have a bladder Z, which they can expand or con- 
tract, and fo make themfelves lighter or heavier: than water, , 
in order to rife or fall init. The mufcular force by which 
the tail is moved, is very great. The direct motion of a fith 
is by means of his tail BCD, moving from one fide to the other, 
with a vibrating motion; which he performs thus. Suppofe 
his tail in the pofition FG, being about to move it fucceflively 
to H, Jand K; he turns the end G oblique to the water, which 
being moved fwiftly, throw it in that pofition ; the refiftance 
of the water acts obliquely againtt his tail, and moves him partly 
forward and partly laterally. The lateral motion is corrected 
the next ftroke, the contrary way ; but the progreffive motion 
is continued always forward. When his tail is arrived at kK, 
he turns its obliquity the contrary way ; that in moving back 
to G, it may ftrike the water in the fame manner as before. 
And thus he makes one ftroke after another, and moves for- 
ward thereby as far as he pleafes. The oblique pofition of his 


- tail is moftly owing to the elafticity of his tail, which by bend- 


ing, is put into that form by the refiftance of the water. | They 
can exert a very great force with their tail; and which is ne- 
ceffary, to overcome the refiftance which their bodies meet with 
in the water. By-help of the tail they alfo turn to one fide; 
by ftriking ftrongly with it on that fide; and keeping it bent, 
which then aéts like the rudder of a fhip. The fins of a fith 
ferve to keep him upright, efpecially the belly fins E, which 
act like two feet; without them he would fwim with his belly 
up; for his center of gravity lies near his back. His fins alfo 
help him to afcend or defcend, by expanding or contracting 
them, as he can with ‘pleafure ; and fo putting them in a pro- 
per pofition. His tail will alfo help him to rife and fall, by 
inclining it obliquely, and turning a little, from an ere pofi- 

tion, 
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tion; to one fide. Fifh can fwim but flow, yet fome of them Fic. 
will fwim 70 or 80 yards in a minute; but they foon tire. 226, 

Brutes can {wim naturally, for they are {pecifically lighter 
than water; and require to have. but a fmall part of their 
head out, for breathing. Alfo they naturally ufe their legs in 
fwimming, after the fame manner as they do when walking, 

Birds fwim very eafily, being much lighter than water ; and 
readily move themfelves along with their web feet. . 

Men cannot fwim naturally, though they are {pecifically lighter 
than water. For their heads are very large, and require to be 
almoft all out of the water for breathing. And their way of 
ftriking has no relation to that of walking. Méen attain the 
art of fwimming by practice and induftry. And this art con-. 
fifts in ftriking alternately with the hands and feet in the water ; 
which like oars, will row him forward. When he ftrikes with 
his hands, he neither keeps the palms parallel nor perpendicu- 
lar to the horizon; but inclined. And his hands ftriking the 
water obliquely, ‘the refiftance of the water moves him partly 
upward, and partlyforward. Whilft his hands are ftriking, he 
gradually draws up his feet; and when the ftroke of his arms 
is over; he {trikes with his feet, by extending his legs, and 
thrufting the foles of his feet full againft the water. And 
while he ftrikes with his legs, he brings about his arms for a 

new ftroke ; and fo on alternately. He muft keep his body a 
little oblique, that he may more eafily ereét his head, and keep 
his mouth above water. . | 

After the fame manner may the motions, velocities, powers, 
and properties of any machine be explained. and accounted for, 

_ by mechanical principles. I fhall proceed to lay. down a fhort de- 
{cription of feveral other machines, without being fo particu- 
Jar in the calculation of their powers.and forces. The mecha- 
nifm of which being underftood, will affift the invention of the 
practical mechanic, in contriving a machine for any ufe. 


Ex, XLII. 


__AB a machine to raife a weight, and flay it in any pofition. 227. 
CD a roller turned by the handle E. To the roller is fixed the 
racket wheel F. GH is a catch made of metal, moveable about 
. H, and forked at the end G, where it falls into the teeth of the 
wheel F. As the roller is turned, the weight is raifed by the 
rope IKL. And the catch G, flides freely over the teeth of. the 
wheel; till the machine is topped, and'then the catch G falling in 

| i LE RCRD aE w ” between 


210°. 
FIC. 
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228. 


229. 


230. 


231. 


DESCRIPTION of | 
between the teeth, keeps*the wheel fixed there, that it cannot: 


turn back again with the weight. _ / ; 
Ex. XLIy. 


KI is a machine to raife or deprefs the leaver GH, moveable 
about an axis at H, and to keep it at any pofition: Df a ftring 
fixed at f and a, and going in the order adcdef, through the holes: 
b,c, d, e, of the runner JK, which being put up or down, raifes 
or lowers the beam GH, at pleafure. And more or fewer holes. 
may be made in the piece JK, as occafion requires, 


Ex. XLV. 


CD Another machine to ftay a weight in any pofition. This 
is only a cylinder of wood, upon which is cut a channel for the 
rope to goin. If the weight B be lifted up, and 4 pulled down; 
then B will remain in any given pofition, by the friétion of the — 
cylinder and rope... And there may be taken as many turns of 
the rope about the cylinder, as there is occafion for. 


E ti XLV Li 9 s] 


Cis aclock weight carrying the: two wheels 4 and B. D 


the counterpoife. F a pulley. MDBFA an endlefs cord. 


When the weight is down, draw the cord G, till the weight C 
rife to the top ; then the catch ¢ keeps the wheel 4 from turning 
backwards. This may be ferviceable for other ufes, befides 
moving a clock. ye, eis 


Hy ae aN 
f ane 


ADB a machine for reckoning the number of ftrokes or vi- 
brations made. DH is a wheel moving about a fixed axis, up- 
on the neck of which axis goes a brafs fpring L, to keep the 
wheel from fhaking. 4B a piece of wood or metal, cut away — 
between Jand.K to receive the wheel. The plane of the piece 
AIKB is perpendicular to the plane of the wheel. /G are two 
ftaples, to guide the motion of the piece 4B back and forward. 
When the piece 4B is moved from towards B; the edge at I 


_catches the tooth C, and fliding along the edge, moves the 


wheel about in direction CD; this brings the tooth 
E to the edge K, And when the piece 4B is moved back from 
B to A, the edge at K fliding down the tooth Z, moves the 

wheel 
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wheel from # towards H; which brings another tooth before 
the edge 1; fo that at every. motion of 4B back and forward ; 
the wheel is moved the breadth of one tooth. ‘And if the 
teeth be numbered, the index AZ will thew when the wheel has 
made one revolution. ; | 


Ex. XLVIII. 


ABED a machine moving one circle within another, concen- 
trical to it. BC reprefents a flat ring of brafs; and abc a 
{maller concentric ring lodged in a circular grove, turned 
within the larger; and kept in the grove by three fmall plates 
of brafs, 4, B, C, fixed to the outward ring, and reaching over 
the edge of the inner one. Upon the inner ring is fixed a con- 
centric arch of a wheel de, having teeth in it, which are driven 
round by the threads of an endlefs {crew DF, turning in a collar 
at Z, and upon a point at F, both fixed to the outward ring. 
By this mechanifm, any point of the circle abc, may be fet to a 
given point of the circle 4BF, by turning the fcrew DEF. 


/ 5 Ex. XLIX, 


ABE is a crane for hoifting goods up. AF is a double wheel, 
within which a man 4 walks, and by his weight raifes the weight 
W, by help of the rope FBEW, which goes round the axis of 
the wheel at #. At D are two pulleys, one vertical, and one 
horizontal ; the vertical pulley facilitates the motion of the rope 


in hoifting the weight; and the horizontal one ferves for the. 


rope to run on, when the crane CDE and weight W are drawn 
alide, by the rope GH, in order to be Jowered. CDE moves 
about the axis BC. At E is another pulley, for the rope to 
tun on. If the rope FBEI go about a pulley at J, and be fixed 
with its end at Z, the crane will lift twice the weight. 


“Ee Th, 


_ 4B a failing chariot. This is driven by the wind, by help of 
the fails, C, D. Ris the rudder. The wheels muft be {et at 
_@ greater diftance, or the axle-tree made longer, than in com- 
mon chariots, to prevent overturning. Sailing chariots are pro- 
per for large planes and champion countries; and are faid to 
be frequent in China. 


Ee2 | Ex, . 
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235. 


236. 
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098. 


DESCRIPTION Oo Ft 
Ex. Li 


BB is a fmoak jack. AB is a horizontal wheel, wherein the 
wings or fails are inclined to the horizon. . The fmoak or rarified 
air moving up the chimney at B, ftrikes thefe fails, which being 
oblique, are therefore moved about the axis of the wheel, toge- 
ther with the pinion C, of 6 leaves. C carries the toothed 
wheel D of 120 teeth, all thefe are of iron. Ea wooden wheel 4 or 
5 inches diameter, this carries the chain or rope , which turns 
the {pit. The wheel 4B mutt be placed in the ftrait part of the 
chimney, where the motion of the air is fwifteft; and that the 
greateft part of it may {trike upon the fails. . The force of this 
machine is fo much greater, as the fire is greater. The fails B, 
are of tin, 6.or 8 in number, placed at an angle of 543 degrees. 


B soo Lt, 


An engine to make a hammer firike. W the water wheel, 4 
or 8 yards diameter. D, D, the floats. BC the axle, 3 or 4 feet 
diameter. H the hammer 3 or 4 hundred weight, moveable 
about the axis O, P. I, K four coggs in the axis, lifting up the 
hammer as the axis goes round, that it may fall on the anvil 4. 
FG a beam of wood aéting as a fpring, to give the greater force 
to the hammer. MN the courfe of the water, down an inclin- 


ed plane. MM the place where it iffues out. LM the perpen- 


dicular height of the water, 3 yards. All the machine except. 
the water wheel is within the houfe.. 

A hammer may alfo be made to ftrike thus ; / is the ham- 
mer moveable about the point C. Gthe axle of a water wheel, 
in which axis are the pins F, E, <S¢. As the wheel and axle goes 
about from / towards E, the pins F, E thruft down the end B, 
and raife the end 4 of the hammer. And when the end B 
goes off the pin, the hammer falls upon the anvil D. 


} : AE OT 
I J a crooked axis or elbow. for the fuckers of pumps. IK the 


peftle or chain of the fucker. Upon the axis is the lantern EF, 
which is turned by a great wheel, carried either by water, or 


‘men or horfes. ‘The peitles /K rife and fall-alternately, as the 
Jantern EF goes about ; and each gives one ftroke of the pump 


for one turn of the lantern. Place pullies or rolls at a, 3, c, d, 
for the chain IK to work againft, when it goes out of its perpen-| 
| dicular 


! 


Set. XL .-«SCOMPOUND ENGINES, 


213 


dicular pofition ; by the obliquity of the motion of the cranks FIG. 


LL "3 


Ex. LIV. 


‘4 ABCD a particular combination of pullies. TT, T are potts 
to which the tackles are fixed. . 5, S, S are ftays to keep them 


erect. _If the power at 4 be 1, that at Bis 3; at C, 93 and at 


D 27; where the weight is placed. 
| Dy aa FA 


A, B are two bellows going by water, and blowing alternately, 
but neither of them with a continual blaft; W the water wheel. 
DE the direction of the water. FG the axis of the wheel; a, a, 
€$c, 4. cogs of wood in the axis, forcing down the end of the 
bellows 4. 4b, Sc. 4 cogsforcing down the end of the bel- 
lows B. LM, NItwo rods of iron, faftened to the bellows and 
to the leaver ZN, and moveable about the pins M, N. SP a 
piece of timber moveable about $ and P.. OP a beam ferving 
for a fpring, lying over the piece of timber QR. As the wheel 
and axle turns round, a cog 4 forces down the end of the bel- 
lows B, and makes it blow ; this pulls down the end NV and raifes 
the end M of the leaver ZN, which raifes the bellows 4. And 
when the cog 4 goes off; the bellows B ceafe blowing; and a 
cog 4 forces down the bellows 4, and makes it blow; and at 


the fame time raifes the bellows B. And thus the COgs 4, bal- 


ternately force down the bellows .4, B and make them blow in 
their turns. is the hearth or fire. | 


A pair of bellows may be moved by water thus; / is a wa- | 


ter wheel, carried by the water at V7. CDarod of iron going 


‘on the crooked axle-tree of the wheel; DF' a leaver moveable © 


about E. FG a chain going to the bellows B. Ja weight. As 
the wheel goes about, the ends D and F of the leaver DF, rife 
and fall ; which motion raifes the bellows, and the weight J car- 
ries them down again. | 


Sredfen wate gs 


| AB is a wheel with teeth, and a roller to draw up any weight. 
H, H, H the handles, which may be wrought by two or three 
men. | 
But the eafieft and fimpleft rollers for common ufe are fuch, 
as Cand D. In thefe, as 30 Ib, is to the weight to be raifed s 4 
| Diana muft 
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‘DESCRIP THON % » i 
fo muft the radius of the axle, be to the length of the handle; for 
a man to work it | +E 

If a given weight P raifes another weight W, on fuch a ma- 
chine as fig. 30. it will generate the greateft motion poffible, in. 
a given time ; when the diameters 4B, EF, and weight W are of 
fuch quantities, that 7 eee or when EF = sick 
For then the motion will be greater, than if any one (H, AB, or 
EF) be altered, the reft remaining the fame. 

And in fuch a machine as fig. 36; the greateft motion will be 
generated in W; if you make, as velocity of W: velocity of 
2S Paes TO Pe a , 


Ex. LVII. 


An engine to drive piles. 4 the rammer, drawn up by the 
rope BCD going over the pulley C. DN, DN feveral {mall 
ropes for feveral men to pull at. M the pile. EF a brace and 
ladder to go up. The rammer 4 is bound at bottom with iron, 
leaft it fplit. And has two'tenants on the backfide, to keep it in 
the groves, made in the upright puncheons G, H, by which its 
motion is directed. ‘The rammer is raifed to the top, by men 
pulling at the ropes DN, and then letting go, all at once, it 
falls upon the head of the pile 1. 4 

Old piles are drawn out, by ftriking gently upon their heads ; 
whilft they are pulled by a ftrong rope ftretched. | 


Ex SLVITE. 


1 ACL a pair of fmith’s bellows. AL, BL, CL are three boards, © 
the middle board BL divides the internal {pace into two parts. 
In the middle board is a valve S opening into the upper part ; 
and in the loweft board is another valve 7° Opening into the un- 
der part. The pipe P communicates only with the upper ca- 
vity. D£ a leaver moveable about the axis GH. At Ja weight 
is laid upon the upper board to make it fall. The bellows is 
fixed in the frame MK, by two iron pins, which are faft in the 
middle board. And the pipe P lies upon the hearth. When 
the end £ is pulled down by the rope Ef, the end D is raifed, 


and the rope or chain DR raifes the lower board CZ, this fhuts 


the valve 7 and opens S, and the air is forced into the upper ca- 
vity, which raifes the upper board, and blows through the. 
pipe P. And when £ is raifed, the boards 4 and C defcend, 
and the valve § fhuts, and J opens. And the weight J forces 


the 
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‘yp 


the air ftill out of the pipe, whilft more air enters in at the Fic. 


valve 7; which, when C afcends, is forced again through the 
yalve S as before. And thus the bellows have a continual blaft. 


E, x. LIX. , '’ 


An engine to raife water. LIMOJ a great horizontal wheel. 
ABP the axis, P the pevot or fpindle it turns upon. OQJ the 
waves of the great wheel.. QR a {mall wheel perpendicular to 
the horizon, and placed under the edge of the great wheel, 
this wheel is moveable about the center C, in the end of the 
leaver HFC, which is moveable about the center D; EF the 
arch of a circle, whofe plane is perpendicular to the horizon, 
and in the plane of the wheel QR. EG the chain of a pump. | 

Whilft the great wheel is turned by the leaver N4, from O 
- towards J; the wave 9 preffes down the wheel QR, and raifes 
the end #, which draws up the water in the pump G. But when 
the deepeft part of the wave is paft the wheel QR, the wheel 

then rifes up into the hollow $, and then the chain EG defcends, 
till the next’ wave raifes it again. |And thus every wave makes 
aftrokeof the pump. | : 
~The wheel QR is placed there only to avoid friftion, and fo 
that a perpendicular to its plane may pafs through 4B. If the 
number of waves.be odd, and another pump wheel and leaver 


be placed’ diametrically oppofite, on the other fide of the great 


wheel ; then 'thefe acting by turns, will keep the motion uniform, 
and the power at IV will always act equally. | 


Ex. LX. 


BFGa capftain, to draw creat weights. BC the axis which 
is driven about by men acting at, 4, 4, by help of the leavers 


AB; AB. Flere mutt only be 3 or 4 fpires of the rope DCE . 


folded ‘about the axis BC; for the axis could not hold fo 
- thuch rope ‘as there is formetimes occafion for.’ ‘And to hinder 
the rope from ‘flipping back, a man conftantly pulls at EZ to keep 
it light. And’the axis is made conical or rather angular at the 
bottom C; to-keep the rope from ‘going anydower, whilit the 
capftain goes about. his Trot 


Fee PRACT. 


AL is a jack to lift great weights. E is a pinion upon the 


axis FG, GC'a toothed wheel, and D a pinion uponthe fame axis, - 


working 
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DESCREP)\T.TON 10 Fl’ Baa 
working in the teeth of the rack 4B. The whole.is inclofed. in 
a ftrong cafe KZ, all of metal.. The handle GH/ goes on 
the axis /G.on the backfide of the cafe. | | mee 

When a weight is to be lifted, the forkt end 4 is put under . 
the weight ; then turning the handle HJ, the pinion E moves 
the wheel GC, with the pinion D; and D raifes the rack 4B, 
with the weight. Ne a Coe ie 


Ex. LX. 


An engine to raife and let fall two weights with contrary mo- 
tions fucceffively, whilft the moving power aéts always one 
way. GH a great horizontal. wheel. NV, AZ two lanterns, fo 
placed on the axis AB, that the great wheel can only work one 
of them at once. When the cog wheel GA is turned by the 
leaver LI; it turns the lantern M, and raifes the bucket E, 
whilft F defcends. Then EZ being raifed; move forward the 
axis 4B, that the lantern M may leave the wheel, and N come 


. toit. Then the great wheel moving the fame way as before, 


will now work upon N, and turn the axis the contrary way, 
and raife the bucket F whilft E defcends. Which done, move 
the axis back towards 4, and you will again raife the bucket 
f ; and fo on. | 


This may alfo be performed by placing the lanterns 14 NV; 


fo, that the great wheel may work them both at once; but, 


251. 


making them moveable about the axis 4B. Then there muit 


be a pin to faften either of them to the axis; fo that firtt one 


Jantern and then the other, being thus fixt to the axis, whilit 
the other is loofe; the buckets #, F will afcend and defcend 


alternately. 


Ex. LXII. 


A mill for iron work. AB the flitting mill, CD the plate mill. 
SP the clipping mill. Z, F are two great water wheels, After 
the water is paft. the wheel. Z, moving in direction QW, it 
comes about to the wheel F, in direction X%. The water 
wheel Z, with the lantern G onthe fame axis, Carries the fpur 


wheels Mand H,. with the cylinders B and D. And the wheel 


#' with the lantern % carries the wheels N and K, with the cy- 
linders 4 and C. The cylinders 4 and B, as alfo C and D 


Tun contrary ways about. And the cylinders 4 and B are cut 


into teeth, for flitting iron bars. C, D are 8 inches diameter ; 
4 and B about 12. And thefe cylinders may be taken out and 
others put in, and may be brought nearer to, or farther from 

| | ‘i one 


Sea. XI. COMPOUND ENGINES, | at7 


one another, by help of {crews, which {crew up the fockets where F 1c. 


Re, the axles run. The axles of N, J, K lie all in one horizontal 5 ae 


plane. And fo does M, G, H. But the cylinders 4, B, and 
alfo C, D, lie one above another. | 

For making the plates ; if a bar of iron be heated and made 
thin at the end, and that end put in between the cylinders C, Dy 
whilft the mill is going ; the motion of the cylinders draws it 
through, on the other fide, into a thin plate. | Likewife a bar 
of iron, being heated and thinned at the end, and put in be- 
tween the toothed cylinders 4, B; it is drawn through on the 
other fide, and flit into feveral pieces, or {trings. And then if 
there be occafion, any of thefe ftrings may be put through the 
plate mill with the fame heat, and made into plates. 

OPQ, is the theers for clipping bars of cold iron into lengths. 
V acog in the axis of the water wheel. OP one fide of the 
fheers, made of fteel and moveable about P.. The plane LPR 
is perpendicular to the horizon. When the mill goes about, 
the cog V raifes the fide OP, which as it rifes clips the bar T 9 
into two, by the edges SP, RP. All the engine, except the 
water wheels £, F, is within the houfe. : 


Bx LXty: 


AFC a windmill to frighten birds from corn or fruit. This 252. 
is made of wood. ‘The fails F, Fa foot long, and their planes 
inclined to the axis BC, 45 or 50 degrees. The piece B goes 
upon the end of the axis BC, and is pinned faft on, and the 
fails and axis turn round together; and the axis goes through 
the board AD; and is kept from flying out of the hole, by 
' the piece B pinned faft. The whole machine is moveable a- 
bout the perpendicular ftaff 4G, by which means the wind turns 
the mill about the axis AG, till the plane AD lies direétly from 
the wind; and then the fails face it. At S is a {pring to 
Knack as it goes about; and the like on the other fide. 


Ex. LXV. 


o>) 


An anemofcope, to fhow the turnings of the wind. CD isa 253. 
weather cock of thin metal, fixt faft to the long perpendicular 
axis DF, which turns with the leaft wind upon the foot F, 
and goes through the top of the houfe RS. To this axis is fixt 
the pinion 4, which works in the crown wheel B, of an equal 
number of teeth. The crown wheel is fixt on the axis PJ, on 
the end of which the index NS is fixt. The axis PJ goes 
Hh | Ef , through 
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‘DESCRIPTION ior - 


through the wall LMM, againft the wall is placed the circle 
NESW, with the points of the compafs round it. Then if the 
vane CD be fet to the north, and at the fame time the index 
SN fixt on the axis PJ, to point at §. Then however the 
wind varies, it will turn the vane CD, and pinion 4; and 4 
turns the wheel B with the index NV; fo that the index will 
always be direéted to the oppofite point of the compafs to the 
vane DC; or to the fame as the wind is in. 


By) DAVE 


DEF is a rag-pump, or chain pump. EF the barrel, CD 
the roller. GH an endlefs chain, to which are fixt feveral lea- . 
ther buckets 4 £ hollow on the upper fide that afcends. 4B 
the handle. The ufe of this is to cleanfe foul waters from dirt 
and rubbifh. The roller is ribbed to. hinder the chain from 
flipping, in working. When the roller is turned, it draws up 
the chain through the pump, with whatever is in the water, and 
difcharges it at the top. Inftead of the roller CD, a wheel like 
a trundle may be ufed, called the rag wheel. : 


Ex. LXVIL. 


A dyer’s and fuller’s mill. A the great-wheel carry’d about 
by horfes. This turns the trundles B, C; D3; together with 


££, F, G. Then £ turns the cog-wheel H, with the axis IK, 


and the crofs pieces L, L; 1, 1, &. are pullies or rollers. 
MN, MN wooden beaters, turning upon an axis paffing through 
N, N. Whilft the axis ZK turns about, the end 2 flides along 
the pulley 1; and falling off, the part M ftrikes againft the 


- cloth in the trough at O, O. ‘The lantern F carries the cog- 


256. 


wheel P, and the cranks 9, Q ; which work the pumps 7, 7; 
by help of the leavers RS, moveable about a4. The trundleG | 
carries the cog-wheels Y and W, and W carries the trundle X, 
with the pifton 2 that grinds the indigo in the veffel cd; 
from whence it flows to the veflel Z. ‘The ends m, m, &&c. of 
all the axles, run in pieces of timber going crofs the mill, and 
faftened to one another and to the walls of the houfe. 


Ex. LXVIIL. 
A machine to empty ftanding waters. This is no more than 


a large pipe or cyphon ABC, being extreamly clofe and tight 
that no air can get in, , ‘basiee 
7 If 


/ 
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‘olf the pool of water DE is to be empty’d over the hill DHG, 
let the pipe be placed with its mouth # within the water DZ, 


and the mouth C within the water FG, if the pipe be very | 


large. Then ftop up 4 and C, and fill the pipe with water 
by the cock B at the top. Then ftopping the cock B very 
clofe, oper 4 and C; and the water will flow through the pipe, 
from DE into FG, which may run over at F, at a {mall height 
above C, and go away. 2 

Note, the end C muft always be lower than 4, and the 
height of the top B above DE muft not exceed 11 yards; for 
if it do, the water will not fow. If the pipe be very ftrait, 
the end C need not be immerfed in the water; but if large it 
muft; or elfe the air will infinuate itfelf into the pipe at C, 
and hinder the flux of the water. | 


xy TLXEX, 


EFGH is a coal-ginn. -E the cog-wheel 11 feet diameter, 
and 72 cogs: {this carries the trundle F, near 2 feet diameter, 
and, 12 rounds, together with the roll G, 4 feet diameter. AH 
is the ftart 20 feet long. The axis 4B runs ‘upon the kevy- 
ftock C. There are two crofs trees’ 1K, at the top, through 
which the axis 4B goes. ‘Thefe crofs trees are fupported by 
four pofts KZ, at the four corners. When the coals are to be 
drawn up out of the ‘pit, two horfes are yoak’t at H and go 
rgund in the path OQD, and draw the wheel about. And 
whilft the loaded corf N, is drawn up to the top: of the fhaft 
M, by the rope going round the roll; the-empty one at the 
other end of the rope, is defcending to:the bottom. And the 
loaded corf NW being taken off, and an empty one put on; the 
horfes are turned, and made to draw the contrary way about ; 
till. the ‘other’ corf comes to the top ‘loaded: and: fo as one 
corf afcends, the*other’ defcends, “alterhately. -“A°corf of coals 
weighs about 5 hundred weight, and contains about 4 2 bufhels. 
A pit is 40 or’ g0 fathom deep.’ “And s0 fathom :of the rope 
‘ weighs about 3 hundred weight. “i 


Bx ER. 


_ A worm jack for turning a fpit.. ABC the barrel round which 
the cord QR is wound. KL the main wheel of 60 teeth. N 
the worm wheel of about. 30 teeth cut obliquely. “LZ the 
pinion of ts or 16.. O the worm or-endlefs fcrew, on which 
até’ two threads going round, and making an angle with the 

A AY ed Ph axis 
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DESCRIPTION of 


F 1G. axis of 60 or 75 degrees. X the ftud, Z the loop of the worm 
258. fpindle. Pa heavy wheel-or fly to make the motion uniform. 


» 259, 


DG the ftruck wheel fixt to the axis FD. S. S feveral holes in 
the frame, to nail it to a board, which is to be nailed againit 
a wall; the end D going through it. HJ the handle, going 


upon the axis £7, to wind up the weight when down. R are: 


fixt pullies, Y moveable pullies with the weight. The axis 
ET is fixt in the barrel 4C, and this axis being hollow, both 
it and the barrel turn round upon the axis FD, which is fixt 
to the wheel KZ, turning in the order B74; but cannot turn 
the contrary way, by reafon of a catch nailed to the end 4B, 
which lays hold of the crofs bars in the wheel LK. 

The weight, by means of the cord QR, carries about the 

barrel 4B, which by means of the catch, carries the wheel KL, 
which carries the nut LM and wheel N, which carries the worm 
O with the fly P. Alfo the wheel Z// carries the axis FD 
with the wheel DG, which carries the cord or chain, that goes 
about the {pit head (a wheel like DG). which turns the {pit. 
The more pullies at R and V, the longer the jack will 20; 
but then the weight muft be greater. : 
_ The catch lies between the end 4B of the barrel and the 
wheel KZ, and is thus defcribed: /f the barrel, » the main 
{pindle : dy a tumbler moving eafy on the center pin a, faftened 
to an iron plate, nailed to the barrel: 4 a collar of iron, turn= 
ing a little {tiff on the fpindle, from this proceeds the tongue: 
éc, paffing through the hole c in the tumbler: r the catch of 
the tumbler. Now whilft the barrel with the catch is turned 
about, in the order éfg, upon the axis 7; the collar is drawn 
about by the tongue 4c, which tongue acting backwards, turns 
the tumbler about the center a, and depreffes the catch r.. But 
the barrel being turned the contrary way, the tongue then aéts 
towards d, this depreffes the end d, and raifes the catch r,,which 
then takes the crofs bars of the main wheel, and {tops the barrel. 
This catch would -alfo ferve.for.a clock ; and is better than a 
{pring catch, becaufe it makes no noife, in winding up. 

Note, the jack need not be placed fo, that the axis FD be 
parallel to the fpit; but any way it can conveniently. For it 
is no matter whether the chain croffés or not. - 


: br Ex. LXXI. | 
DAF the hydroftatical bellows. AB, EF, two flat boards of 


oak 5 the fides AE, BF, of leather, joined very clofe to the top 
. : and 
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and bottom, with ftrong nails. CD a pipé {crewed into the Fy, 
iece of brafs, in the top at C. ) | i 259, 
If a man blows in at the pipe DC, he will raife a great 
weight laid upon the board 4B. Or if he ftands upon the board 
AB, he may eafily biow himfelf up; by blowing ftrongly into 
the pipe DC. If water be poured in at D, till the bellows and 
pipe be full, the preflure upon 4B within, ‘will lift as much 
weight. upon the top AB, as is equal to a cylinder’ of water, 
whofe bafe is 4B and height CD. LW. SIDR AE, 2 iKS 


Ex, LXXI. 


ADM is a water-mill for grinding corn. 4 the water-wheel 260, | 
16 feet diameter, BC its axis. . D the cog-wheél, with 48 cogs. 
O a trundle, with g rounds; LJ its axis. MN the ffones 6 or. 
7 feet diameter. The lower ftone NV is the Jyer, being fixt im- 
moveable upon beams of wood and the upper ftone is the 
runner, and is faftened to the /pindle LI, by a piece of iron 
called the vind, fixt in the lower fide of the ftone, to go {quare 
upon. the fpindle ; between which and the ftone, there is room 
left, for the corn to fall through; upon the lower ftone. The’ 
fpindle goes through the lower ftone, and is made fo tight with 
a wooden 44/4, as to turn round in it eafily.. The upper ftone, with’ 
the fpindle L/, is fupported on the end J, upon a horizontal 
beam of wood FE, called the dridge, the end F being fixt, 
and’ the end £ lying upon the beam HG, fixt at G, called the 
brayer or bearer. "Vhe end H is fupported: by the /ifting-tree’ 
HK, by help of a wedge at K. By this means, the upper ftoné’ 
may be raifed or lowered. For if KH be raifed with the leaver 
Kk; the end#, the axis LJ, with the ftone 1/, and the piece 

‘GH are all raifed; and may be fixed there by the wedge K.. 
Thus the ftones may be fet as near or far off, as you will. 
The lower ftone is broader than the upper ftone, and is fea- 
thered, or cut into fmall channels, to’ convey the flour out ; 
and is enclofed with boards all around as ad, clofe to the lower 
ftone, and above the edge of the under one,’ to keep the meal 
in. And through one fide of thé boards is a hole called the 
mill-eye, through which the meal runs out into a trough. 

' The furfaces of the mill-ftones are not flat, but conical; the 
upper one an inch hollow, the under one fwells up 3 of an 
inch: fo the two ftones are wider about the middle, and come 
nearer and nearer, towards the outfide ; which gives room for 
the corn to go in, as far as $ of the radius, where it begins to 
be ground. The upper ftone has a dancing motion a and 

| own, 


22,2, 
By hy G. 
260. 
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down, by the fpringing of the bridge, which helps to grind 
the corn. The flour, as foon as ‘made, is thrown to the out- 
fide, by the circulation of the, ftone and the air, and driven 
out at the mill-eye. The quantity of flour ground, is nearly 
as the velocity and weight of thetone. The {tone ought not 
to go round above.once.in a fecond, for bread corn. | i+ - 4+ 


_ The corn is,put into the hopper S, which falling down into 
the shoe TV, runs into, the hole at top of the ftone M. The 
axis LM is made with 6 or 8 angles; which, as it turns about, 
fhakes the end V of the fhoe, and keeps the corn always run- 
ning down. The axis LM may be taken off. PQ is the di- 
rection of the water, which acting againft the floats R, carries 
about the water-wheel.4 and cog-wheel D, which cog-wheel 
carries the lantern or trundle O, and the upper ftone M that 
erinds the corn., ra fh 

_ Sometimes one water-wheel 4, carries 2 pair of ftones, and 
then 2 cog-wheels. as D, are put into the axis BC, which carry 
two. trundles with the ftones. . Otherwife the cog-wheel D car- 


‘ries a trundle O, and {pur-wheel ; which {pur-wheel carries 2 


Janterns with the. ftones, , one. lantern on. each fide the wheel.- 
Or fometimes, the fame cog-wheel D carries another lantern 
and cog-wheel, whofe axis is parallel. to the horizon ; and this 
cog-wheel carries another lantern with the ftones. And the. 
trundle is fuch, as to make the blue ftones, or thofe that erind) 
wheat flour, go. near twice as fwift as the grey ftones do. In 
thefe cafes, when one pair of ftones is to ftand ftill; there is 
either a loofe.rung to be taken out of its lantern.;. or elfe the, 
bridge EF is thifted towards H, till the lantern. -be clear of Di 
_. The diameter of the water-wheel 4, muft not be two large, 
for then it will move too flow; nor too little, for then it will 
want power... When a mill is in perfection, the velocity of the 
floats, wings, or hands. R, upon the water-wheel, muft be 3 


the velocity of the ftream. 


The. higher fall the water has, ‘the lefs of it will ferve. to 


carry the mill. In an underfhot mill, where the water coines. 


underneath the wheel ; it is brought by a narrow channel called 
the mill race. The water is kept up in the mill-dam, and let 
out by the penfiack, when the mill is to go: and the penftock 
is raifed or let down by help of aleaver. The penftock being 


tailed. opens a paflage to the water, 10 or 12 inches wide,; 
through which it flows to. the wheel. And when the mill is to; 


f{op, the penitock is let down, and the orifice {topt. ‘<p 
_~ When the water comes underneath the wheel, it is called an. 
underfoot mil, But if it comes over the wheel (as in fig. 282.) 

| | ananit 


»- 
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it is called an overfal or overfbot mill. ‘This requires lefs water ¥ 1 c 


than an underfhot mill, but there is not convenience in all 
places to make them. The water is brought to the wheel of 
an overfal mill, by a trough; which is turned afide, to throw 
the water off the wheel, when the mill does not go. | 

A breaft mill is that where the water is delivered into boxes, 
at about the height of the axis of the wheel, and moves the 
wheel by its weight. This requires more water than either of 


the other forts. f 
A good overfal mill will grind 22 or 3 bufhels of corp in 


an hour; and in that time requires: 100 hogfheads of water, . 


having ro or 12 feet fall. » 
Ex. LXXIIl. 


AB is a trap to catch vermin, made of boards. GH a piece 
of wood fufpended over the bar JZ, by the leaver DE, move- 
able about D; and the thread FE, tied to the ftart CK. /mB 
_a piece of flat wood, moveable about /m, and lying on the bot- 
tom, whofe end B comes through a hole in the fide, in which 
is a catch to take hold of the end K of the ftart, when the 
trap is fet. When the. vermin go into the trap, they tread 
upon the beard /mB, on which a bait is laid, which puts down 
the end B; and the ftart CK flies up. This gives liberty to 
the rod DE to rife up; then the piece of wood GH falls down, 

and knocks them on the head. If two pieces of board were 
nailed on the ends G, H; to reach below the’ piece of wood 
GH; the trap would take the vermin alive. ; fh fi 

ABE is ‘another trap, the end B is wire ;" and the end 4 
flides up and down in two groves in the fides. When the trap 
is fet, the end / is fufpended by the thread CD, tied to the 
rod DJ, moveable about O, the end-7 being held by the crooked 
end of the wire JS, moveable about R, the end RS going 


within the trap. A bait is put on the end at. S, and the end & - 


of the trap being open, the vermin goes in and pulls at the 
bait S, this pulls the catch J from off the end of the leaver ID, 
which lets the end 4 fall down, and the vermin is taken. - 


Ex. LXXIV. 


_ Anengine for moving feveral faws for the fawing of ftones, 
Fc. ILL] is a {quare frame, perpendicular to the horizon, mo- 


ving in direétion LZ, in gutters made in the fixed beams 444, « 
CB; and running upon little wheels. 2L two rods of iron fixed 


at 


ee 
260, 


261, 
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224, 


( 
F, UG. 


263. 


264. 


266. 


DESCRIPTION or 
at I and L.. ep two hands of iron running along thefe rods ; 
to thefe are fixed the faws 5,5. HIK is a trianele fixed to the 
axis of a great wheel. As the wheel and triangle go about from 
H towards J, the point J acting againft the piece G, moves the 
frame towards MB, together with the faws S, S. When Jis gone 
off, the angle K a¢ts againft the piece F, and moves the frame 
back again. Then # acting againftG, moves it forward; and 
fo the faws are moved back and forward, as long as the wheel 
turns round. As thefe faws work by the motion of the engine, 
the hands op defcend. The parts F and G ought to be made 


curve ; and little wheels may be applied at the points of the tri- 


angle HIK, to take away the fri€tion againft F and G. The 
axle of the wheel may be made to carry more triangles, and ~ 
work more faws, if the power is {trong enough. © 

Inftead of the triangle H/K, the frame may be moved by the 
two pieces ab, cd; going through the axis, acrofs to one ano- 
ther. So that ad may only act on F, and cd on G. F being 
only in the plane of aé’s motion; and G in that of cd. So that 


f'never falls in the way of cd, nor G in the way of ad. 
Ex. LXXV. | ) 


A is an eolipile. ‘This is a hollow globe of brafs, with only a 
very fmall hole at the mouth. Take it by the handle B and fet it 
on a fire till it is heated, then plunge it in cold water, and the 
air in it which was rarified, will be condenfed ; and water will 
go into it, till it be about half full. Then if it be fet on the 
fire, the water will turn into vapour by the heat, and will blow 
out at the mouth with great violence; and continue (0 till the 


water is fpent. 


Ex. LXXVI. 


ABD is a bygrefcope. BC is an index hung by the (therm) 


ftring 4B, the point B hanging over the center of a circle, which 
is divided into equal parts. ‘The ftring 4B twifts and untwitts 
by the moifture or drynefs of the air. By this means the index 
BC turns about, and fhews the degrees of drought or moifture, 
on the circumference DC. ek ‘ | 


Ex, LXXVII. 
A windmill. AHO the upper room, HOZ the under one. 


4B the axle-iree, going quite through the mill. STV the fails 
| | | covered 


4 
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covered with canvafs, {et obliquely tothe wind, and going about r 1 g, 
in the order STVW. GD the cog-wheel, of about 48 COPS, 4, 4,0; 266, 


which carries the /antern EP, of 8 or 9 rounds, c, ¢ and its 
_axis GN. IK the upper fione or runner; LM the lower fone, 
OR the bridge, fupporting thé axis or /pindleGN. The bridge 
is fupported by the beams cd, XY, wedged up at c, d, and_X. 
ZY the Lifting tree ftanding upright : ab, ef, leavers whofe centers 
of motion are Z, 4: fghi a cord with a ftone i, for a balance, 
going about the pins gh. The fpindle ¢N is fixed to the upper 
ftone IK, by apiece of iron, called the rind, fixed in the un- 
der fide of the ftone. The upper ftone only turns about, and 
its whole weight refts upon the bridge OR, and turns upon a 
hard ftone fixed at N. The trundle EF and axis Gt may be 
taken away ; for it fixes on the lower part at ¢, by a {quare 
focket, and the top runs in the edge of the beam w. Putting 
down the end f of the leaver /¢, raifes 2, which raifes 22, which 
taifes 2X, and this raifes the bridge QR, with the axis NG, 
and the upper ftone 7K; and thus the ftones are fet at any diftance. 
The lower ftone is fixed immoveable upon ftronge beams, is 
broader than the upper, upon which boards are placed round 
the upper at a {mall diftance, to confine the flour from. flying 
away ; and the flour is’ conveyed through the tunnel zo down 
into acheft. P-is the hopper into which the corn is put, which 
runs along the /boe or {pout r into the hole ¢, and fo falls be- 
tween the {tones where it is ground. The axis Gris {quare, which 
fhaking the fpout r as it goes about, makes the corn run out : 
vsa fring going about the pin s, which, being turned aboue, 
moves the fpout nearer or further from the axis, and fo makes 
the corn run in fafter or flower ; according to the wind. And 
when the wind is great, the fails 5, J, V, W are only part of 
them, or one fide of them, covered ; or perhaps only a half of 
two oppofite fails TJ, Ware covered. ‘Towards the end B of the 
axle-tree is placed another cog-wheel, trundle, and ftones, with 
exactly the fame apparatus as before. And the axle carries two 
pair of ftones at once. And when only one pair is to grind, the 
trundle ZF’ and axis Gt is taken out frorn the other : wy/ is a girth 
of pliable wood, fixed at the end x; and the other end / tied to 
the leaver km moveable about & And the end m being put 
down, draws the girth xy/ clofe to the cog-wheel, and by this 
means the motion of the mill is ftopt at pleafure: pq is a ladder 
going into the higher part of the mill. The corn is drawn to 
the top, by means of a rope going about the axis 43, when the 


mill is going. | 
, Gg j In 
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DESCRIPTION or 
In mills built of wood, the whole body of the mill turns 


round to the wind, on a tampin or perpendicular poft. But in 
thofe of ftone, only.the upper part turns; the roof is the furface 


of a cone; there is*a wall plate of wood upon the top’of the . 


wall: in this a channel is cut quite round, in which are feveral 
brafs rollers. The roof has a wooden ring for its bafe, which 


exactly fits into this channel ; and the roof is eafily moved round 


upon the rollers, by help of a rope and windlace. , 
In the wooden mill, 1 is the mill-houfe, which is turned 


. about to the wind by a man, by help of the leaver or beam 2. 


267. 


3 Is roller to hoift up the fteps 4. 


Concerning the pofition and force of the fails, fee Ex. ary 


before. , 
Ex. LXXVIII. 


AB a force pump. C the pifton fixed to the rod EC, movea- 
ble about E. DF the handle moveable about D. - 4, d two 
clacks or valves opening upwards. ‘The pifton C muft move 
freely up and down in the barrel and exactly fill it, that no air 
get in. ”Tis made clofe by circular pieces of leather cut to fit the 
barrel, and fcrewed clofe between pieces of brafs.. This pump 
aéts by prefling down ; for when the handle Fis raifed, it raifes 
the pifton EC, and the water rifes from H, opens the valve d,. 
and goes into the barrel, at the fame time the valve a fhuts. 
But when F is put down, the pifton C prefling upon the water, 
fhuts the valve d, and opens a, and forces the water, that has 
been raifed, through the pipe BG. The bucket N mutt not be. 
above 30 feet from the water in the well. _ 7 

LM is another force pump, or a lifting pump. N the bucket. 
a, b, c valves opening upward. ‘This pump 1s clofe at the top 


-§, and the fmall rod of iron plays through a hole made tight _ 


with leather. ‘This pump acts by forcing upwards, for when 
the handle P is put down, it lifts up the bucket .V, the preflure 
fhuts the valve 4, opens ¢, and forces the water in the barrel 
NS along the pipe QR. At the fame time the valve a opens 
and lets in more water, from M into the barrel. And when P 
is raifed, N defcends, the valves a, ¢ fhut, and 4 opens, and 
lets more water pafs through the bucket N, into the upper part. 
And when the bucket NV is drawn up again, the water is forced 
along the pipe QR as before. This pump is the fame as a lift- 
ing pump, only there is added the valve c, which is not abfolutely 
neceflary. No hole or leak mutt be fuffered below the pifton or 
bucket; for air will get in, and fpoil the working of the pump. 
And the bucket muit always be within 30 feet of the water. 

i: In 
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In thefe pumps, the bore at Hor M, through which the water ry. 


rifes, fhould not be too ftrait, the wider it is, the fafter the 
water afcends. Nor fhould the pipe BG or QR, that difcharges 
the water, be too ftrait ; for then the pump will work flower, and 
‘difcharge lefs water in a minute; or require more force to work 
it. For the calculation of a pump, fee Ex. XXII. 

There are feveral forts of va/ves ufedin pump work ; as7, V, 
W,, that at T being made of two pieces of flat leather, is called a 
clack. Thefe at V,W are made conical, or of any indented f- 
gure, and fit exactly into a hole of the fame fhape. At the bot- 
‘tom of the valve is put a pin acrofs it, to hinder its flying quite 
out of the hole. | 


¥ 


Bx. EXxXixt: 


_ AB a bydrometer, to meafure the denfities of liquors, efpecially 
fpirituous liquors. This is a hollow bali of glafs, B, partly fil- 
Jed with quickfilver or fhot ; and hermetically fealed at the top 
A, when made of a due weight, by trials. “The fmall tube 48 
is divided into equal parts, and graduated at equal diftances. 
And thefe divifions noted to which it finks in different fluids of 
the beft forts; which points muft be taken as ftandards to com- 
pare others with. Then if the hydrometer be immerged in any 
fluid, and the point to which it finks in the furface be marked ; 
it fhews the denfity of it, and its goodnefs. For it finks deepeft 
in the lighteft liquor : and the lighteft liquids are the beft. 


Bo x.s XK 


AB is a thermometer, to meafure the degrees of heat. B is 
a glafs ball with a long neck 4B. The ball and part of the 
neck is filled with {pirit of wine tinged red with cochineal; and the 
end Ais fealed hermetically ; in the doing of which, the end of 
the tube 4, the fpirit and included air, are heated, which rari- 
fies the air and fpirit ; fo that when the end J is fealed, andthe 
tube cools; the {pirit contracts, and there is a vacuum made in 
the top of the tube. And therefore the fpirit expanding and 
contraéting by heat and cold, has liberty to rife and fall in the 
tube. This ball and tube is enclofed in a frame, which is divi- 
ded into degrees. Then as the top of the fpirit rifes or falls, the 
divifions will fhew the degrees of heat or cold. Thefe divifions 
are arbitrary, and therefore two thermometers will not go toge- 
ther, or fhew the fame degrees of heat and cold; except they 


be made to do fo by graduating them both alike by obfervation. 
Ge This 
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DESCRIPTION or 


-Thisiscommonly put in the fame cafe with the barometer, fie, 218. 
There are other forts of thermometers. CD is a ball with - 


a long neck open at the end D, partly filled with tinged {pirit 
of wine, and put with the open end into the veflel D, near the 
bottom ; which veffel is half full or more, of the fame fpirit. 
The top of the tube CE is air. Soin warm weather, when the 
airin C is rarified by heat, it preffes the fpirit down into the 


_ bucket D, and as the point E defcends, the divifions being 


271. 


272. 


marked, fhew the degree of heat ; or when it afcends, the de- 
erees of cold. But this fort is affected with the preffure of the 


-atmofphere, and therefore is not fo true. 


: TA eae Ob. G4 8 


DA is an artificial fountain. AE a {trong clofe vefiel of me- 
tal, 4B a pipe reaching near the bottom of the veffel, and fol- 
dered clofe at_4. F, Atwo cocks. Ifthe cocks be opened and 
water poured in at 4, till the veffel be about half full. Then 
{top the cock F, and with a fyringe inje& the air at 4, till ic 
be fufficiently condenfed within the veffel. Then {top the cock 
at 4, and take away the fyringe. Then as foon as you open 
the cock at 4, the compreffion of the air at C, will force the 
water up the tube 24, and {pout up to the height D; and a 
little ball of cork may be kept fufpended at the top of the 


. ftream D. 


But an artificial fountain is moft eafily made thus, take a 
{trong bottle G ; and fill it half full of water. Cork it well, 
and through the cork, put a tube HJ very clofe, to reach near 
the bottom of the veffel. Then blow ftrongly in at 7, till the 
air in the bottle be condenfed ; then the water will {pout out at 
H to a great height. | 

Any of thefe fountains placed in the fun-thine, will thew all 
the colours of the rainbow; a black cloth being placed behind. 


Ex. LXXXIL 


CpD is Archimede’s water ferew. This is a cylinder turning 


upon the axis CD. About this cylinder there is twifted a pipe, 
or rather feveral pipes 0, pq running {piral ways from end to end. _ 


This cylinder is placed higher at one end D, than at the other. 
And its ufe is to ferew up the water from the lower end to the 
higher. 4B is a river running in direétion 4B. a, b, ¢, d feve- 


ral floats fixed to the cylinder. EF the furface of the water. — 


Since the cylinder ftands in an inclined pofition, the upper floats 
. ig @y b 
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g, 6 are fet out of the water, and the under ones ¢, d within it. Fi. 
So that the water acts only upon the under ones ¢,d; and turns 272. 


about the cylinder in the order a, 4, ¢, d. By this motion the 
water taken into the fpiral tubes at the low end, is by the 
revolution of the cylinder, conveyed through thele pipes, and 
difcharged at the top into the veffel G. If 4Bis a ftanding wa- 
ter, there is no occafion for the floats ¢ 6 ¢ d. And then 
the cylinder is to be turned by the handle at D. Inftead of the 
pipe, a fpiral channel may be cut round the cylinder, and co- 


vered clofe with plates of lead. ‘The clofer thefe fpiral tubes are, ° 


the more water is raifed ; but it requires more force. Alfo the 
more the cylinder leans, the more water it carries, but to a 
lefs height. 
| | Ex. LXXXIII. 


AL is a rowling prefs, for copper-plate printing. DE, FG, 
two wooden rollers, of about 12 or 16 inches diameter, run- 
ning wpon the ends of two ftrong iron axles, that go quite 
through them, and are fixed in them. To the axis of the up- 
per one DE, is fixed the handle BAC. Thefe rollers run in 
brafs- fockets, and muft run very true upon their axles, and 
may be brought nearer, or fet further from one another, by 


wedges, in the frame at P, K, HIK isa flat table or plank,’ 
going in between the rollers, and fliding freely upon the frame. 


LM the frame. NO a fhelf to lay the paper upon. When 
the prefs is ufed, the upper roller is folded round with flannel, 
that every part of the print may take an equal impreffion ; and 
a paper bottom, fpread upon the table HIK, where the plate is to 
lie, to prevent the indenting of the plank; then warming the 
plate well over a charcoal fire, and rubbing it with the fort. of 
ink proper for it, and lying it upon the paper bottom, on the 
table at H. Take the printing paper and laying it carefully up- 
~ on the plate, and turning the handle CAB, the motion of the 
roller DE, turns the roller FG, and draws the table through 
between the rollers, together with the plate and paper ; and the 
paper is printed. : : 

Note, the paper muft be thoroughly wetted ina trough; and 
after it has laid about a’ day or two, it is then to be patfed 
through a {crew prefs, to fqueeze the water out, and then it 1s 
fit for printing, ow) | 

_ The ink made ufe of. for printing copper-plates, is made of 
the ftones of peaches 4rd apricots, the bones of theeps feet, 
and ivory, all burnt; this is called Prancfors black. This 
muft be well ground with nut oil, that has been well boiled ; end 
ily | en 
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DESCRIPTION or 


fi. then it is fit forufe. But the beft ink is faidto be brought from 


a7. 


274. 


Holland. | 
Ex. LXXXIy, 


The fire engine to raife water. LL is a great beam or leaver, 
about 24 feet long, 2 feet deep at leaft, and near 2 feet broad; 


‘It lies through the end wall W of the engine houfe, and 
moves round the center 4, upon an iron axis. CC a hollow cy- 


linder of iron, 40 inches diameter, or more, and 8 or g feet 


Jong; P the pifon fuftained by the chain LP. F the frre-place  - 


under ground ; BB the doiler 12 feet diameter, which commu- 
nicates with the cylinder, by the hole 2, and throat pipe 


_£, 6 or 8 inches diameter. The boiler is of iron, and covered 


over clofe with lead: in this, the water is boiled to raife a 
fteam, 45 is the regulator, being a plate within the boiler, 
which opens and fhuts the hole of communication 2 ; this is fixed 
on the axis 34 coming through the boiler, on which axis is fixed 
the horizontal piece 43, called the /panner; fo that moving 
back and forward, moves the plate 45 over the hole 2, and 
back again. /is a horizontal rod of iron, moveable about the 


Joint 4. xyedl a piece of iron, with feveral claws, called the 


‘wye, moving about the axis de, in a fixed frame. The claw s/ 


is Cloven at /; and between the two parts, paffes the end of J/, 


with two knobs to keep it in its place. 44 is the working beam, 


in which is a flit, through which the claws xy pals, and are kept 


there by the pin g going between them. DDD isa leaden pipe, . 


called the injection pipe, carrying cold water from the ciffern S, 
into the cylinder CC, and is turned up at the end within the cy- 
linder. f the injection cock, to which is fixed the iron rod fg, lying 


horizontal. The end g goes through a flit, in the end of the _ 
.piece rg, and on the end is a knob fcrewed on, to keep it in. 
_ pebrg a piece of iron with feveral claws called the eff, moveable 


about the axis dc. The claw rp goes through the flit in the 
beam 44, and is kept there by the two pins 0,2: the claw rg 
goes over the piece gf: as the piece gf is moved back and for- 
ward, the injection cock f opens and fhuts. 1, 1 €¥c. are feve- 
ral holes in the beam 44, that by fhifting the pins, ferve to fet 
the pieces p, x, y, higher or lower, as occafion requires. Nis 
the fuiffing clack, ballanced by a weight and opening ‘outwards, 
to let out the air in the cylinder, at the defcent of the pifton. In 
fome engines a pipe goes from it to convey the fteam out of the 
houfe. G is a leaden pipe, called the finking pipe, or eduéfion 
pipe, going from the cylinder to the bot weil H; it is turned up 
at the end, and has a valve opening upwards, this carries away 


the 
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‘he water thrown in by the cold water pipe, or injection pipe. F 1c. 


t is the feeding pipe, going from the hot well to the boiler, to 
fupply it with water, by a cock opening at pleafure.. 7, 7 are two 
gage pipes, with cocks, one reaching a little under the furface of 
the water in the boiler, the other a little fhort of it. By open- 
ing thefe cocks, it is known when there is water enough in 
the boiler; for one cock will give fteam, and the other water ; 


“they ftand in a plate which may be opened, for a man to go 


into the boiler, to clean or mend it. m is the puppet clack, 
from this a wire comes through a fmaill hole, to which is 
fixed a thread going over a pulley, with a {mall weight at it ; 
the weight on the clack # is about a pound for every fquare 
inch. YZ the fleam pipe going from the clack, out of the houfe. 
When the fteam in the boiler is too ftrong, it lifts up the pup- 
pet clack m, and goes into the fteam pipe YZ, by which it is 
conveyed away ; otherwife the boiler would burft. KK a pipe 
carrying water from the ciftern $, into the cylinder, to cover 


the pifton to a good depth. J a cock opening to any wide- 


nefs, that the water may run in a due quantity; M a 
hole to Jet it. out, through a pipe, into the hot-well 4H, 
when there is too much. VVV a force pump, with a bucket 
and clack, and two valves opening upwards.. This pump is 
clofe at the top R, and being wrought by the leaver LL, it 


brings water out of a pit, into the ciftern S.. 9 the pit where — 


water is to be raifed.. X, X, the fpeers which work in wooden 
pumps within the pit. ‘The cylinder is fupported by {trong 


beams as 7, 8, going through the engine houle; 6, 6 is the firft » 


floor; 7,7 the upper floor. At O, in the end of the beam CL, 
there are two pins, which ftrike againft two fprings of wood, 
fixed to two timbers, lying on each fide the great leaver LL; 
thefe pins ferve to ftop the beam, and hinder the pifton coming 
too low in the cylinder. : 

When the engine is to be fet to work, the water in the 


boiler muft be made to boil fo long, till the fteam is ftrong 


enough ; which is known by opening the cocks 7, 7. Then the 
hole 2 is opened, by moving the fpanner 43 by hand; then 
the fteam is let into the cylinder, which lets that end of the. 
beam LC rife up; this raifes the working beam 44, moves 
the eff prg, which moves gf, and opens the cold water cock /: 
at the fame time is moved the wye xy/, which draws /b, and 
fhuts the hole 2. The cock f being open, the cold water rufh- 
ing into the cylinder, is thrown up againft the pifton, and de- 


fcending in {mall drops, condenfes the hot rarified fteam, and. 


makes a vacuum under the pifton. Confequently the Se 
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ric. of the atmofphere, preffing upon the pitton, brings down the 


Bes 


_ end ZC, which raifes the other end LQ, which works the 
pumps X, X. As the end LC defcends, the working plug 44 


_ defcends, and moving the eff, pref, and the wye, xys/b, ‘ihuts 


292. 
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the cold water cock f, and opens the hole 2, and the fteam 
goes into the cylinder, which takes off the preffure of the at- 
mofphere ; and the end LQ defcends- by the weight of the 
{pears X, X; and the end LC afcends as’ before, which opens f, 
and fhuts 2. So by the motion of the beam 2/4 up and down, 
the cock f, and hole 2, fhut and open alternately : and by this 
means of condenfing and rarifying the fteam by turns, within 
the cylinder, the leaver or beam LE conftantly moves up and 
down; by which motion, the water is drawn up by the pumps; 
and delivered into troughs within the pit, and carried away by 
drifts or levels. At the fame time, the motion of the beam LL 
works the pump VRV, and raifes water into the cyftern S. - 


When the engine is to ceafe working, the pins a, 0, are taken ~ 
out, and the cold water cock is kept clofe fhut, while the end — 


LC is up. . a | 

The diameter of the pumps within the pit, ts about 8 or 9 
inches ; and the bores of the pumps where the fperes X, X, 
work, fhould be made wide at the top, for if they be ftrait, 
more time is required to make a ftroke, and the barrels are in 
danger of burfting. Likewife if water be to be raifed from a 
great depth at one lift, the pumps will be in danger of burft- 
ing ; therefore it is better to make 2 or 3 lifts, placing cifterns 
to receive the water. | | | : 

The fpeers or rods, that work in the pumps, confifting of 
feveral lengths are joined thus; each piece has a ftud a, and 
a hole 6, which are made to fit; and the ftuds of one being 
put clofe into the holes of the other, and the iron collar ¢ 
drove upon them to the middle d, they are firmly fixt together. 

There is never made a perfect vacuum in the cylinder; for 
as foon as the elaftic force of the fteam within, is fufficiently 


diminifhed, the pifton begins to defcend. The vacuum is fuch, - 


that about 81b. preffes upon every fquare inch of the pifton, 
or in fome engines, not above 61b. This engine will make 
13 or 14 ftrokes in a minute, and makes a 6 foot ftroke; but 
the larger the boiler is, the fafter fhe will work. A cubic inch 
_of water in this engine, will make 13340 cubic inches of fteam; 
which therefore is 15 times rarer than common air. But its 


elaftic force within the boiler is never vo ftronger or weaker 


than common air; if itronger, it would force the water out of 


the feeding pipe. 
This 


Se ee ne ee 
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This engine will deliver 300 hogfheads of water in an hour, 


to the height of 60 fathom. She confumes about 30 buthels 


of coals in 12 hours. — | 
» In fome engines there is a different contrivance to open and 
“fhut the regulator ; which is performed thus; as the beam 9 


afcends, it raifes G5, turns the wye 5GCED4 about the axis 
AB ; and the weight C' falling towards B, the end E ftrikes a 
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{mart blow on the pin Z, and drives the fork FL towards 1 5 


which draws the {panner PO towards Z, and thuts the regula- 
tor. And when the beam QQ defcends, a pin in it puts down 
the end 4, and turns the axis 72, and the weight C’ defcend- 
ing towards 5, throws the end D of the wye, againft L, which 
moves PO, and opens the regulator: the fpanner PO fliding 
upon the horizontal piece O. ‘There is a cord ron, fixt at r, 7, 
and the top of the wye O, to hinder it from going too far on 
each fide. . | ae 

_ Likewife, for opening and fhutting the injection cock; in- 


ftead of the pieces rg, gf of the eff (fig. 274.) fome engines 


have quadrants of 2 wheels H, J, with teeth, which moving. 


- one the other, opens or fhuts the cock f, of the injeGtion pipe K. 


In fome engines there is a catch, held by a chain fixt to the 


‘great beam ; and this ‘catch holds the eff from falling back, 


and opening the cold water cock; till the rifing of the beam 
pulls the catch up by the chain, and then the eff falls. 


A calculation of : the cylinder and pumps of the fire engine. 


{fit be required to make an engine to draw any given num- 


ber of hogfheads of water in an hour, from f fathom deep ; to 


make any numberof ftrokes in a minute, by a 6 foot ftroke. . 
Find the ale gallons to be drawn at.1 ftroke, which is eafily _ 


found from the number of ftrokes being given. 
Let g = number of ale gallons to be drawn at x ftroke. 
3 p = pump’s diameter. Ue | 
¢ = cylinder’s diameter. 


then ip = / 52 


_ And fuppofing the preflure of the atmofphere on an inch of 


the pifton, to be 7 lb. 


Then 6 = TAF — en 
eee 17 
Note, if inftead of 4, you fuppofe the preffure of the atmof- 
phere to be 1 pounds ; and inftead of a 6 foot ftroke to make 
So hee ees | 6 | 2.0 
an 7 feet ftroke ; then p = Va ie 52% and ¢ = /130Us, 
Ua ge qe : Ex. 


¥ 


1 


out of a well or river. ' : ea 


CO a large copper air veffel g inches diameter. This veffel 


the pumps. For when, FK is put down, the chain fy pulls — 


DESCRIPTION of “li; © HAE 
ii Ex. LXXXV. | 


AB is the water engine to quench fire. D, E are two pumps “a 
g inches diameter, having each a clack a, b opening upwards. 


ftands upon a ftrong plate kw, 5 or 6 inches above the bottom = 
of the chef NM. SY is a brafs pipe coming through theend = 
of the cheft at 3; and at 2 it divides into two cavities going 

under the copper pot CO, to the two pumps Z, D. Theca- — 
vity YW leads to the pump £. And diredtly above this cavity - _ 
at #7, there is another cavity y, communicating withthe pump - 
E. And above the cavity y is placed the valve r, opening up- 
wards into the copper pot CO, from this cavity. There are 
the like cavities belonging to the pump D; the firft going to _ 
the valve a; the other from the pump tothe valves of the 
copper pot. Thefe cavities are made of hollow pieces of\brais 


ferewed faft together. Z is a cock, through which are two 


pafiages, one along the pipe SZ, and another at the fide of the > 
pipe into the cheft V4. ‘This cock by turning the handle ce, _ 
opens one paflage and fhuts the other, as there is occafion. — 
Xx a leather pipe to be fcrewed on the end S, to draw water 


ey 8 a 


PR is the conduit pipe reaching near the bottom of the veffel ,” 
CO, and foldered clofe into the top of it. At R andQ are 
{crews, fo that the pipe may be turned in any direction, by the 
man that holds it. And at VY a copper pipe muft be fcrewed _ 
on, or elfe a long leather one, which being flexible is carried 
into rooms and entries. AJ aniron axis to which the iron 
leavers FG, LK are fixt. This axis moves in fockets about ~ 
Hf, I, which are fcrewed hard down. FK, GL two wooden — 
handles fixt to the leavers to work them by.. ‘gh, p/ are two 
arches of iron fixt on the axis HZ fd, mx, the fhanks of the — 
piftons, being two ftrong rods of iron. fg, bt, 1g, mp four iron . 
chains fixt at 4 ¢; and 4, 4S and gvand atm). At fae 
and m are {crews to ferew the chains tight : thefe chains work ~~ 


down the rod of the pifton fd. And when PK is raifed, the 
chain ¢b pulls it up again. And the fame way the chains 4, 
mp raife and deprefs the pifton ma. In fome engines there 
are two arches, like hg, ¢p, fixt near the end J of the axis, — 


for men to ftand upon, to help to work the engine. he 
hi f Hh Ae ie 


es 

on yy 

i i Ht rae 
A dig: 
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0 | The veffel CO and two pumps are inclofed in a cheft AN, Fic, 


and the whole machine moveable on wheels. The’ fore axle- 
tree turning on a bolt in the middle, for the conveniency of 


-. turning to either fide. But there are a great many forms of thefe 


engines. In fome the leaver lics crofs over, in. others length- 
ways; in fome there is no chain work, but only pins for the 


~ piftons to move upon. 


When the engine is to play; if it is by the water in a river, 
€Sc. the pipe Aw muft be fcrewed on at 8, and the end x put 


into the water. But if water is to be fetched, it mutt be 


poured into the cheft 14, which runs through the holes 7, into 
the body of the engine NV.» Then turning the cock ceZ to open 
the proper communication ; the handles FK, GL, .muft be 
moved up and down. by men; by which means water is drawn 
into the pumps £, D, and forced into the veffel CO, and out 


of the pipe PR. For the pifton mm being raifed, the water is 


drawn along the cavity ZYW, through the valve 3 into the 
pump £; and when ma is deprefied, the valve 4 fhuts and the 
water is forced into the cavity y, through the valve 7, and into 
the pot CO; which cannot return for the fhutting of the valve 
r, when the pifton mz rifes again. And the like for the other 


_ pump D. Since the pifton of one pump goes down whilft the 


other goes up, the water is forced by-turns into the vefiel CO, 
by thele two pumps; fo that there is always water going in. 
And the air confined at top of the veffel at C being condenfed, 
will prefs the water up the pipe PRQV, and make it flow with 


a continual ftream. If the water in C be compreffed into half _ 
_ the fpace, it will force the water to 30 feet high. “ 


___ In fome engines, there is another pipe as PR, coming 


_ through the copper pot, and through the fide of the engine, 


and thefe two pipes may play both at once if there is occafion. 


Y 


And if not, the end of one is {crewed up. 
We Bx, UXXXVi. 


thy 2 


A pip. This is the nobleft machine that ever was invented. 


. It is fo compounded and confifts of fo many parts, that it would 
require a whole volume to defcribe it. Some of the principal 
parts are thefe. bey 


DE Ge nga 
A the hull, . - MeCN OE Ns toa (a a nae 
Bye bow. 5°.” a es F the ancient ftaff and enfign. 
C the forecaftle. G the poop-lantern- 
D the main deck. ; wad the rudeness ey. Oy 
mt TA) ee Hh 2 | JI the 
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Meaeat 
nae PDIES'OR I PRON or ae 
ric, J the bowfprits. (0°... \@agithe crane-line. |». 3 
276, XK the fore-maft. _. & the anchor, to which the: © 

ZL the main-maft. Mee eecable is fixttats i 

M the mizen-maft. Peis: laa | ii . 

IN top-matts. . vy 1. Main-lifts. ma ! 

O top-gallant-matts. 2. Fore-braces. = 

P fails. 3. _Main-top-fail-fheats. 

Q yards... 4. The fore-tacks. 

R vanes. 5. Fore-top-fail-clew-lines. _ 

S the jack. 6. Main-top-fail-leetch-lines. _ 

7 the pendant. 9, Fore-bunt-lines. : 

V ftays. | 8. Mizen-bow-lines. 

Vv main-ftay, &e. — g. Main-top-fail-halliards. 

W throwds. And the like for the reft. _ 


X main-top-maft back-ftay, _ of the fails, . 
_ Moft of thefe ropes are for hoifting the fails, and fetting 
them in a proper pofition to the wind. For the wind always 
acts perpendicularly upon the plane of any fail; and urges the — 
fhip in direction of that perpendicular. And by the help of — 
the rudder H, fhe is made to keep any direétion required. For 

if the rudder be put about to any fide; the water (as the fhip 
moves along) will act violently againft it, and drive the ftern 
the contrary way, or her head the fame way, as the rudder. A_ 
fhip with a brifk fair wind will fail 8 or 10 miles an hour. | 
That any one fail may have the greateft force to move a thip 
forward, it muft be fo placed between the point of the wind 
and the fhips way, that the tam. of the angle it makes with. 
the wind, may be twice the san. of the angle it makes with 
the fhip’s way. : Pye i a 7 
_ When the rudder is fet to an angle of 543 deg. with the 
keel, it has the greateft force to turn the fhip, and make her _ 
aniwer: the thelmig awn wy ene ae : he 
301.  Becaufe the figure of a fhip is the caufe of her going well or ill, 

a and of making more:or lefs way through the water: I fhall 8 
here give the conftruction of the fore part of a veffel, that will 
move through the water with the leaft poffible refiftance. we 

Let DdAcC be the water line, or horizontal fection of the F 
water and the hull of the fhip, 4B 30 feet, CD the greateft 
breadth 20 feet, BC 10 feet. AcE the ftem and part of the 
keel. Then the following table fhows the length of every or- 

dinate, as dc, taken at the diftance 4, or 1, 2, 25 Se. feet am 
from 4; by which the curve £C is determined. ye 


Length ' ru 


ee 1 3 
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‘YY iength | length length length - 
ie of 4b} of bc}! of 4b} of dc 


| in feet | in feet |} in feet | in feet 


j eee es 3 


I 0.90 ||  16| 6.36 | 


2 1.48 171?) Ow 
3 1.96 AS 6.92 a 

uf 4 29398 19° 7*19 
5 79 Wy 20 | 7-46. 
Oc EARL 21 vie 

TNs ei ag 22 1 7-99 

8 | 3.89 23.) 8.25 

9 4.22 24 8.51 

re) 455 oy a5 | 8.76 

II ABA ha wi er “B.0r) 

12 5.18 ay 9.26 

13 5.48 28 9-51 

14} 5.78 29 | 9.76 

15 6.07 30 | 10.00 


ss 


‘The praitice is thus, having made AB=30 feet, and accord- 
ingly divided it into 30 equal parts; at the feveral points of 
divifion, erect perpendiculars to 4B, equal to the lengths given 
in the 2d col. of the table. The curve 4:C drawn through 
the ends of all the ordinates is the figure of the fhip on each fide. 
_ The curve 4e# which the ftem and keel make, mutt be the 
fame curve as 4cC; if the depth BE is fuppofed equal to BC; 
and the ordinates, de, BE muft all be drawn perpendicular to 
AB, But if the depth BE be taken greater or leffer than BC; 
then the ordinates muft be taken greater or leffer in proportion. 


_ Again if CDE be the fection of the fhip, made perpendi- 


cular to the axis 4B, or horizontal plane CAD; and ced be 
any other fection parallel to it; then whatever the curve CED 


is, all the fections ced mutt"be fimilar to it. 


_ If a thip is required to be built either greater or leffer than 


a foot, and dividing it decimally, and ufing it inftead of a foot, 
to meafure off the lengths as in the table. 

_ Likewife if it was required to have the breadth to be greater 
or leffer-than is here affign’d, whilft the length remains the 


_ fame then it is only taking a proportionally greater or Jeffer 
line, inftead of a foot, and fetting off the ordinates ce by we | 
; : a se 


this ; then it is only taking a ereater or leffer iength inftead of | 


- 


. m 
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rr, And thus the requifites may be altered at pleafure, full retain- | 
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this model, it will be found to move fafter through the water, — 


‘power to come up with a fhip we are able to take; or elf to 


the fancy of the builder; or contrived to anfwer fuch conve- 


upon the axis of the wheel or lantern Z, which wheel by th 


_ the cylinders or pumps. 


DESCRIPTION or ash ue 
ing the general conftruction. = i bi 
If any fhip carpenter thinks fit to build’ a fhip according to 


than any other fhip of the fame length, breadth, and depth, 
and of a different form. The form of the curve is’ truly re- 
prefented by the curve AC. hit 


But it muft be obferved, that the curve at C, the broadeft 
‘part, is not perpendicular to the ordinate BC, but makes an i 
angle of about 76 degrees: to avoid this, it will be properto 
produce 4B a little further, and turn the fide AC, at C, round 
in a curve, as quick as poffible. \Or elfe make the 2 or 3 laft _ 
perpendicular ordinates, fomething lefs than in the table, that 
the part of the curve at C may be in a parallelifm with 4B, 
as it ought; becaufe C is the broadeft part. — ag 
But though the form here. given, is the moft proper for fail- 
ing faft; yet perhaps it may not be fo commodious as the com- ~ es 
mon form, upon other accounts, as for the ftowage of goods, = 
&c. Yet privateers and fhips of war made to purfue the enemy, 
ought to be built as near this form as they can conveniently. | 
For it is a matter of great moment, either to have it in our 


4 


fly from and efcape from one of fuperior force.” Cae 
That a fhip may fteer well, the water ought to come freely 
and directly to the rudder; and therefore fhe muft not be too » 
fhort from the midfhip to the ftern, and towards the {tern the nal: 
muft rife well, and be built very thin below, leflening gradually 
to the ftern-poft. Likewife the muft draw confiderably more 
water abaft than afore. To carry a good fail, and alfo to avoid 
rowling, fhe muft be made pretty deep in the hold. As to 
the dead work, or upper part of the fhip, that may be left to 


ay 


niences as may be wanted. f 
Boe EA 


AT an air pump. C, D two brafs cylinders, 2 or 3 inches 
diameter, and a foot high, having two valves at the bottom 
opening upwards. 7, ¢ two piftons working in the cylinders, 
having two valves alfo opening upwards. . FF a handle going 


teeth, moves the racks G, G; and by them the piftons, within 
4B a table or plate fupported by the 
pillars, J, 4 £. H the receiver of glafs, which by the hol- 


' 


‘ 


4 


“ 
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Lead pipe of brafs nooo, called the fwans neck, communicates IG, 


which the fwans neck pafies. rrs a mercurial gage, being a 
glafs tube ftanding in the bucket of mercury s, and communi- 


‘cating with the pipe zo. K acock under the table 42 to let 


in air into the pipe zo, and fo into the receiver, when there is 
occafion. ay 
- When the air is to be drawn out of the receiver H, a wet 


leather is placed over the plate, and upon that the’ receiver H. - 


Then raifing the right hand F, the pifton ¢ of the barrel D is 
raifed, which takes off the weight of the atmofphere ; confe- 
quently the air paffes out of the receiver H, through the fwans 
neck #0, and through the hollow brafs PQ, through the valve 


into the cylinder D. Then the right hand F put down, the 


valve at bottom of the cylinder D fhuts, and the air pafies 


through the valve at ¢: at the fame time that the left hand 


: Pees 


being raifed, draws the air from the receiver, through zoP, 


through the valve into the cylinder C. So that by the motion 
of the handle FF up and down, the air is at length drawn out 
of the receiver H, by the pumps C, D. And the rarity of the 


air within the receiver, is known by the height of the mercury 
in the tube 7s, which is- known by the graduated frame. An 


abfolute vacuum can never be perfeétly made. For when the 
| : 


ring of the ait is fo weak, as not to be able to lift up the 
valves at bottom of the cylinders, no more air can be drawn out. 
‘The handle F is lately made to turn always one way ; thus. 


A is a crank turned by the handle F. NN the leader or fword 


going over the pin J, in the wheel Z. Whilft the crank is 
rifing, it raifes the fide S of the wheel, and when the crank 
defcends, it thrufts down the fame fide S of the wheel Z. So 
the racks are alternately raifed and depreffed as the crank goes 
bout. 4 ie | 


There are feveral forts of olaffes made ufe of for the air 


pump. As 4a receiver open at top, covered with a brafs plate 
ee oiled leather at D, and kept down by the crofs piece 2s, 
{crewed down upon the pillars BC, which pillars are fcrewed 


into the table 4B of the air pump. 


Ha teceiver open at top, with a plate and-collar of wet 
leathers K, through which goes the flip wire GZ, fo tight as to 
let no air in. This ferves to lift any thing up by the hook J. 

‘MP is a transferrer. N is a plate and leather, on which 
ftands the receiver 1 NP a hollow tube going through the 
plate. Oa cock to open or fhut the paflage. The cock O be- 
ing open, and the air exhaufted by the pump, and then 
; | : coc 


with the cylinders by means of a hollow brafs pipe PQ; into 27%, 
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cock being fhut, the receiver and pipe may be taken away from i 


the air pump, the vacuum remaining in > | 
La receiver clofe at the top; with infinite others of like 


fort. | 3a “ee 
Ex. LXXXVII. 


Ts brides water-works. AB the axis of the water-wheel CD ; 


_ which wheel is 20 feet diameter, and the axis 3 feet, and 19 
feet long. E, E 26 floats 12 foot broad. G.a fpur wheel fixed 


to the axis 4B, 8 feet diameter, 44 cogs of iron; this moves 
the trundle H, 42 feet diameter, and 20 rounds; H/ its iron 
axis. JK a quadruple crank of caft iron 6 inches {quare, each 
crank being a foot from the axis. The crank is faftened to the 


axis at J, by help of a wedge going through both, which caufes : 
the crank to turn. Z, Z four iron fpears belonging to the | 
cranks, and fixed to the 4 leavers AMZN, 3 feet from the ends; 


i i A , : 
which leavers are 24 feet long, moving on centers in a frame of 


wood. P, P four force pumps of caft iron, wrought by four 
piftons or rods, NP. ‘Thefe pumps are 7 or 8 inches diameter, - 


having valves opening upward. O a hollow trunk of cat iron, 


to which the pumps are clofe fixed. Qa fucking pipe going in- 
to the water. R, R four hollow’pipes, 7 inches diameter, and. 
clofe fixed to the lower part of the pumps ; thefe pipes are clofe 
which 4 valves open. _ 


{crewed to the hollow iron trunk S, into 
7 a pipe communicating with the trunk S, through which the 


water is forced to any height. There are alfo four forcers placed — 


at the ends M4, M of the leavers 1, NN, and working in four 


more pumps, to which belong other trunks and pipes, O, 9, - | 
R, 5S. At B the other end of the axis, there is placed exaétly 


the fame work as at 4; fo that the great wheel CD works 16 
pumps. There is alfo a machine made of cog-wheels and trun- 
dles, contrived to raife the great wheel as the tide rifes. The 
great wheel will go at any depth of water; and as the tide turns, 
the wheels go the fame way with it; but ftand ftill at high and 


low water. } | erin 
As the great wheel is carried about by-the tide, it carries 


~ round the {pur wheel G, which carries the trundle A with the 


cranks IK, which by the fwords L, move the leavers MN. When 
the end Mis pulled down, N is raifed withthe pifton NP in 
the pump P, by which means the water is drawn out of the ri- 
ver through the pipe Q, into the pump P; and when NP de- 


fcends, the valve fhuts, and the water is forced through the — 
pipe R, through the trunk S, and along the pipe Z into the 


town, And when Wrifes up again by the motion of the cranks, 
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the valve in S§ fhuts, and that in the pump opens and more wa- 
ter rifes through the pipe Q into the pump P. And as the 
cranks ftand every way, there is always water rifing in fome of 
the pumps; and fome always forcing through R, 8; 7. When 
the tide is ftrongeft, the great wheel goes 6 times round in a 
minute. This engine is faid to raife 30 or 40 thoufand hogf- 
heads of water in a day. 


Bi ere ex OK TX: 


_ The pile engine for Weftminfter-bridge. A the great cog-wheel 
fixed to the great fhaft D. MO, a trundle and fly turned by 
the cog-wheel, this is to prevent the horfes from falling when 
the ramis difcharged. B the drum or barrel on which the gréat 
rope iswound. Ca leffer barrel on which the rope L is wound, 


carrying the weight N. The ufe of this is to hinder the follower 


from falling too faft. The barrels BC are moveable about the 
great axis D. The cog-wheel-and barrel B are fixed together 
by the bolt F, going through the cog-wheel into the barrel. 
#Iis a leaver moveable about 1, going through the great fhaft 
Ds; this lifts up the bolt F, the end E being made heavier by a 
weight; by which means it locks the barrel B to the great wheel 
4, KI the forcing bar going into the hollow axis of the great 
fhaft D; this refts upon the leaver EI. ‘XYa great leaver move- 
able about 3, the end X being heavier, which with the end 7 
prefies down the bar KJ, thrufts down the end of the leaver at 
#, and lets the bolt F defcend, to unlock the Datel Gk Za 
Tope fixed at X, and going up through the guides at R. GKa 
crooked leaver moveable about 2, the roller at theendG being 
prefled with the great rope, forces the end K againi{t the catch 
at K, and hinders the.bar KI from afcending. When the rope 
#1 Mlackens, the fpring 7 forces the end K from the catch, and 
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the bar KJ afcends. H the great rope going round the barrel — 


B, over the pulley P, up to the top and over.the pulley 9, 
then down to the follower, where it is fixed. Z the ram that 
drives the piles. § the follower, in which is fixed the tongs W, 
moveable about the center. VV the guides between which the 
ram falls. At the infide of the guides at R, where they are faf- 
tened together, there are two inclined planes. At the bottom 
of the follower is a flit, to receive the handle 6 of the ram 7 ans) 
be taken up by the tongs Wa, b, c, d timbers for horfes to 
draw at, in direction abcd. aay | 

_ As the horfes go round, the great rope 7 is wound about the 
barrel B; and the follower ‘, and ram Z are drawn up, till the 
ee Ti . tongs 
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fF 1G, tongs come between the inclined planes, which fqueezing the 


283. 


284. 


ends 4.4 together, opens the end 5, and lets the ram fall down. 
Then the follower 5 taking hold of the rope Z, raifes the end 
X, and deprefies the end 1 of the leaver XY, which thrutfts 
down the bar KJ, which thrufts down the end FJ of the leaver 
El, with the bolt 7, and unlocks the barrel B, which turning 
about the axis, the follower S defcends by its weight, till it comes 
to the ram 7; and the end 5 of the tongs flips over the handle 
6of the ram. Then the rope A flackens, and the {pring 7 
forces the end K from off the catch at top of the bar KJ, and 
lets the bar rife, and the weight £ raifes the bolt F, and locks 
the barrel B to the wheel 4; and the horfes ftill going about, 


the end « of the tongs takes hold of the handle 6, and the _ 


ram ‘TJ is taken up as before. 
All this machine is placed upon a boat which fwims upon the 
water; and fo is eafily conveyed to any place defired. 
© t. 
VE xc eae i 


GH a blowing wheel. AB, CD an iron crofs; to this is fixed 


the circle of iron EF. ‘To thefe are fixed 12 leaves J, 4 4, 


which reach no nearer the center than the iron circle. 1, 1, 1 
are holes, through which the air paffes into the cavities between 


the leaves. There is the fame crofs and iron circle on the other 
fide, but without any hole. Through the center of both fides — 


is put an iron axis and fixed there, and on the further end a 
handle is put to turn it by. This wheel is enclofed in a cafe 
which juft touches the edges of all the leaves. But the rim or 


out edge KK is at a fmall diftance from the ends of the leaves. 


On this fide ‘or flat of the cafe, there is a hole left againtt 
the holes 1, 1, to let the air through; the other flat is clofe. 


LM is the fucking pipe, being a tube fixed upon the cafe, fo — 


as to communicate with the cavities, by the holes 1,1. G is 
the blowing pipe, and is another wooden tube communicating 


with the infide of the cafe. The axis turns upon two concave | 


pieces of metal fixed to the cafe, the handle being on the back 
fide of the figure. abcd is a thin ring of wood faftening the 


“leaves all together ; and the like on the other fide: On thefe 


rings are put two circles of blanketing to go clofe to the cafe, 
and alfo upon the iron circle EF. | 


' The frame being fixed, and the handle turned about in the 


order BCAD. The motion of the leaves moves the air very 
fwiftly to the outfide, which being confined by the rim, is forced 
in a tangent along the tube G; whilft new air afcends along 

Sethe 
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the fucking pipe LM, paffes through the hole in the frame, and FIG. 


through the holes 1, 1, into the cavities between the leaves; and 
fo thrown out of the wheel, through the blowing pipe G. | 
- If the pipe ZZ be continued to the place where any foul air 
is; it may foon be thrown out through the tube G, and 
 difperfed abroad. Or if the tube LM communicate with the 
frefh air, and G with any clofe room; frefh air may prefently 
be injected into the room. 


1a Alea, 's AB 


AB an artificial fountain to play with either end up. 4 and 
B two cavities ; FO, KB two open pipes, fixed to the bafons at 


KandO. GHI and CDE two curve tubes open at both ends, — 


‘When the fountain ftands on the end 4, pour water in at O. 
Then turning the fountain like an hour-glafs upon the end B, 
the water will defcend through the pipe CDE, and fpout out at 
E. The air paffing up the pipe OF to give it liberty. The wa- 
ter falling down upon the bafon EK, runs through the pipe 
KB, into the cavity B. And the fountain being turned, the 
water will defcend through GHZ, aud {pout out at J as before. 
And fo being turned, it will play a-frefh as often as you will. 
Note, while the jet Z is playing, if the end O of the pipe 
FO be ftopped with the finger, the jet will ceafe playing; which 
being taken off, it will begin again; and fo may be made to 
play or ftop at pleafure. — | 


Ex. XCIL 


AF a-water barometer. AD isa {mall tube opén at both ends, 
cemented in the neck of the bottle CE. Then the bottle being 


a little warmed to drive out fome of the air; the end 4 is im-. 


merged in water tinged with cochineal, which goes into the 
bottle as it cools. Then’tis fet upright, and the water may be 
made to ftand at any point B, by fucking or blowing at 2. 


This is ‘a very fenfible barometer ; for if it be removed to ‘any: 


higher place, a very fall decreafe in the air’s gravity, will make 
‘the water rife fenfibly in the tube. This may be made ufe of 
to find the level of places. But it is fubject to this inconve- 
nience, that it is a thermometer as well as a barometer, the 
leaft alteration of heat, raifing the water in the tube. To pre- 
vent which, it muft be enclofed in a veftel of fand; and then 
the air included in the bottle, will retain the fame degree of 
heat, at leaft for a fmall time. 

K 1i2 - Ex. 
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DESCRIPTION. or 
Ate E x... XGiiii: 


ADOF is ajet deau. AB the refervoir where the water is 
kept. CDJO the pipe of conduct, which conveys water from 
the.refervoir. O the cock, or adjutage, being a {mall hole in 
a thin horizontal plate, fixed upon the end of the pipe, through 
which the water flows. O/' the jet of water, {pouting up through 
the hole O, which defcends again in the ftreams “EZ and FH. 
OF the height of the jet. 4G the horizontal height of the wa- . 
ter in the refervoir. Ifthe part LO of the pipe of condué, be 
buried under the furface of the water KH, and be invifible; 
the jet will feem to rife out of the water KH, as. in many artifi- 
cia] fountains. , | 

The adjutage is fometimes made conical, but the beft fort for 
fpouting higheft, is a thin plate witha holein it. The bore of 
the adjutage ought to increafe with the height of the refervoir, 
and the larger the adjutage, the higher the jet will go, provided 
the pipe of conduct be large enough to fupply it with water. 
Pipes of conduct ought not to be made with elbows, but to turn 


_ off gradually in acurve as D/O. T he diameters of pipes of con- 


duct ought at leaft to be 5 or 6 times the diameters’ of the adju- 
tage, or elfe it will not fpout fo high. If a refervoir be 50 feet 
high, and the adjutage half an inch; the pipe of conduét, 
fhould at leaft, be 3 inches; or if the adjutage ‘be an inch, 
which is better, the pipe of conduct muft be 6 inches. Andin 
thefe cafes the jet will rife to the greateft height it can have. - In 
general the diameter of the adjutage ought to be nearly as the 
{quare root of the height of the refervoir. And if you would 
have the velocity in the pipe of conduét,. to be the fame at all 
heights of the refervoir, that the friction may not increafe too 
much; then the fquare of the diameter of the pipe of conduct, 
muft. be as the cube of the diameter of the adjutage. ‘When 
water is carried a great way through pipes, the friction of the 
pipes will diminith its velocity, and the jet will not rife fo high. © 

A jet never rifes to the full height of the refervoir. If 
the height be 5 feet 1 inch, the jet will only rife to 5 feet ; thus 
the jet OF wants the fpace FG of the height of the refervoir. 
And the defect FG is as the fquare of the height of the refervoir 


_ OG. But {maller jets fall fhort more than in proportion, being 


more retarded by the refiftance of the air. The greateft jets ne- 
ver rife 300 feet high ; for the velocity is fo great, that the wa- 
ter is diffipated into {mall drops, by the refiftance of the air. If 

! cage ee a a ball 
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by the pillar of water, and play there without falling. 
| Ex. - XCIV. 


AGE is a compound fteelyard, for weighing vaft weights. JIG, 
CK two leavers moveable about B and &. LE, MB two fixed 
pieces. AC a crofs bar fupporting the end C, and moveable 
about the pins ZandC The center of gravity of JG and AC is 
in B; and of CK and the hook DN, in £. 4H the weight tobe 


weighed; / the counterpoife moveable along the graduated. 


leaver BG. The machine is hung upon the hooks at L, M. 


Here the power F is to the weight H, as 4Bx DEtoCEX BF. 


OPA Sp cv, 4 ORS 


ABC is a horfe mill to grind corn; C the /pur-wheel having 
72, cogss-B the danthern of 7 rounds; 4 the hopper, E the 
fooe; A, G the two mill-fones. Ha leaver or arm 8 feet long, 
going into the axis D, of the great wheel; J the traces to which 
one or two horfes are yoaked. . As the horfe goes about in the 


path 123, he draws the arm H, which turns the great wheel C, 


and this drives the trundle B with the upper ftone F, which 
grinds the corn; the corn is put into the hopper 4, and fal- 
ling into the fhoe Z, runs through a hole at top of the ftone F, 
and in between the ftones where it is ground. KL is the upper 
floor. The whole is within a houfe. 


Bi a VE 


AB a lifting ftock, fet perpendicular ; its. ufe is to raife a great 
weight. LO isa flit going through it, in which there moves. 
the leaver CD. JI, KK two fets of holes ; into which goes 
the pins G, H. When the weight /V is to be raifed, it is hung 
onthe hook and chain at the end D of the leaver. And the pin 
G being put into the firft hole 7; and the end C_ being, put 
down, the other end with the weight is raifed, and then the, 


pin #7 is put into the fecond hole K, under the leaver; then the 


end C being raifed to E, the pin G is put into the fecond hole /. 
Then £ being put down to C, and the end F raifed, the pin H 
is put into the third hole K, Thus the leaver and pins being 
thus fhifted from hole to hole, the weight W is by degrees 


raifed up. 


La: 


Bae 


24.5 
a ball of cork or light wood be laid at F, it will be fufpended Fre. 
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DESCRIPTION or 
Ex. XCVIL 


A. bob gin, for raifing water. 4B a large water-wheel carried 
by the water #W”. Cand D two cranks, upon the axis, on each 
fide the wheel, lying contrary ways. EF, GH, two pieces of 
timber moving about on the cranks C and D, and alfo move- 
able at the joints F, H, upon two pins. FI, HK two beams, 
moving on the axesZ and M. J, K two arches with chains fix. 


ed to them, by means of which the pumps O, W are wrought. 


When the water-wheel goes about, one crank as C pulls down 
the bar EF, together with the end F of the beam FJ, and at 
the fame time raifes the end which draws the water up in 
the pump O. In the mean time the other crank D is raifing 
the end H, and depreffing the end K. When by motion of the 
wheel, the crank C begins to afcend, the end / begins to de- 
fcend, and the end K to afcend.. So that one beam goes up 
whilft the other goes down, and there is always one, pump 


working. 
Px.) Ve 

A gunpowder-mill, AP the water-wheel ; B its axis. RPS — 
the water-courfe. Ea {pur-wheel carrying the two drums C, D, - 
and the rollers CF, DH to which they are fixed. a, a, &c. 10 - 
or 12 pins, or cogs fixed in either roller, equally on all fides. 
b, b, Se. 10 or 12 peftils, 10 feet long, and 4 or 5 inches 
broad, armed with iron at the bottom ; in thefe pettils are pins 
fixed to anfwer the pins a4, @3; which lift them up as the rol- — 
lers turn round. m, m, €%c. are wooden mortars, into which the 
peftils fall, each mortar will hold about 20 1b. of patte. 02, 
IK, LN are timbers through which the peftils work, and ferve 
to keep them dire¢t. | be 

The materials being put into the mortars m, m3; as the mil] 
goes about; the pins in the rollers, take up the peftils 4, d by 
their pins, and when thefe pins go off, the pettils fall into the 
mortars 7, m, and beat the ingredients to a pafte. And as thefe 
cogs are placed on all fides the circumference of the rollers, 
there will be always fome pettils rifing, and others falling 
in a regular order. me 


Ex. XCEX. 
A crane or engine to raife a great weight, and keep it in any 


pofition. 4B a double wheel for a man to walk in; CD a fpur- 
wheel 


sea. XI. COMPOUND ENGINES. 


44 


wheel upon the fame axis. £, F, G are three wheels alfo fixed ric, 


upon one axis, of which G is of wood, and EZ is moved by CD. 
His a catch moving on the pin /, this falls in between the 
teeth of the wheel F. KLM a half ring of iron, in which is a 
grove, going upon the edge of the wooden wheel G. NAZa 
piece of timber. fixed to the ring at AZ, and to the leaver PN, 
and is moveable about the pins M, NV. The leaver PN is move- 
able about the center O. QR a wooden rod, reaching to the 
catch JH. PST a ftring fixed to the leaver at P.. VXW the 
rope going about the axis of the great wheel to raife the 


weight. 


“When the creat wheel 4B goes round, together with CD, the | 


rope VAW rales the weight W”. The wheel CD drives E, to- 
gether with F and G; and the end of the catch JH flides freely 
over the teeth of the wheel F; and the motion being ftopped, 
the catch JH acting againft the teeth of F, hinders the wheel 
F from turning back, and fo keeps the weight W fufpended. 
But if you pull at the ftring 7, it raifes the leaver PO, and 
thrufting the rod QR againit the catch, raifes it out of the teeth 
ofthe wheel F, and lets the weight W defcend. But left it de- 
fcend too faft, the leaver PO is to be raifed higher, by pulling 
at the ftring 7S, and this deprefles the ena ON of the leaver, 
and draws, down the piece VM, together with the ring KLM, 
which ring being drawn clofe againft the wheel G, ftops the 
‘motion, or regulates it at pleafure. | 


RIS 


An engine for drawing water. A the cog-wheel, 10 feet dia- 

‘meter; B its axis, running in the frame FFFF, and on the 
foot Z. Catrundle 2 feet diameter, K its axis 15 or 20 feet 
long, running in the ftocks G,G. OD, D twocranks of iron on 
- oppofite fides of the axis, and 2feet long. OP, QR two beams 
moving upon an axis in the frame SSSS. PD, KD two rods of 


wood or iron, reaching from the beams to the cranks, moveable - 


about R and P; and turning round on the cranks D, D. [,f 
two rods of iron, fixed to two chains that go over the arches O, 
9 and to two piftons that work in the pump #, 7. £ the tiller 
to which the horfes are yoaked ; 12 3 4 the path in which the 
horfes go round. H, H; the furface, of the earth. The wheel 
A, and trundle C are in a pit; the axis K under ground ; and 
the cranks D, D, areinapit. 

When the horfes, walking in the ring 12 3 4, draw about the 


cog-wheel, by the tiller Z, this turns the trundle ¢, with tae 
he cranks 
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DESCRIPTION OF) 
cranks D, D; and the rod PD being drawn down, pulls down 
the end of the beam P; and raifes the other end O, with thé 
rod /x ; and draws the water out of the’ pump x. Inthe mean 
time, the other crank raifes the rod DR, with the end R of the 
beam; and the other end 9, with the rod J defcends; and the 
pifton goes down into the pumpy. But as the wheel 4 goes 
about, the rod RD is pulled down, and Qf rifes up, and draws 
water out of the pump y, whilft OJ and the pifton defcends in 
the pump *. ‘Thus whilft one pifton goes up, the other goes 
down, and there is always one pump difcharging water. 

Inftead of two cranks, one may have three or four cranks, 
at equal diftances round the axis, and thefe will move three or 
four beams QR, and work three or four pumps. But beams of 
timber fhould be put between every two working beams, OP, 
QR, for the axles to run in. | 


| Boxe CE 
AEL a twifting mill to make thread or worfted. Ba coo-wheel 


3 feet diameter, of 33 or 34 teeth. C the drum of 4, 6, or 8 
rounds, going on the fquare end of the axis of the cog-wheel. | 


Da fpur-wheel, 2 feet diameter, and 30 or 32 teeth, this is 


fixed to the reel E. The reel confifts of 4 long pieces of wood, 
6 or 7 feet long, 3 of which are fixed in the cog-wheel D, and 
are alfo fixed to one'another by crofs bars going through the axis 
of the reel, the fourth long piece of wood which compofes the 
reel, is not fixed in the cog-wheel, but may be fet nearer or fur- 


, ther from the axis, by help of the pins 1, 1,1. Fa drum of 


12 rounds, carried by the cog-wheel B ; thefe rounds are fixed 
into the barrel G, of 1 foot and 6 or 8 inches diameter. AZNOP 
a fixed frame 6 or 7 feet long, and 4 feet broad. 22, 22, €Fe. 
are whorles, carried round by the leathern belt ZKLIH. Thefe 
whorles run in iron fockets at the bottom of the frame, and are. 
kept in their places by the fnecks 3> 3, fixed to the upper fide of 
the bottom part of the frame ; upon the {pindles of thefe whorles . 
are put the bobbings, with the thread or worfted. The {pindle 
and whorle is reprefented at a, the bobbing at 4, the bobbing 
with the worfted on it atc. The length of the whorle and {pin- 
dle is 10 or 11 inches, length of the bobbing 6 or 7 inches; di- 
ameter of the whorle where the belt runs, about an inch; dia- 
meter of the bobbing at top 13 inch; at the {mallet part 3 of 
an inch ; thefe are for worfted. ‘The whorles may be taken out 
of the {necks at pleafure, and they are kept in thefe fnecks, by a. 
feather put acrofs the flit through two holes. The bobbings 
| Bi they 
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they ufe for thread are reprefented at d; ¢ isa Piece of lead which ¢ 1G 


~ ‘goes upon the top of the*{pindle to keep down the bobbing: f, ¢ 300. 


are two wires fixed in it, for the thread to run through, fromthe 
bobbing to the reel, the diameter of the whorle about half an 
inch. The number of fnecks, fpindles, and bobbines on one 
fide of the engine 1s 20 or 24, that is 40 or soin all. 4, 4, €Pe. 
are wires in the upper part of the frame, for the thread to run 
through from the bobbings, the number of wires are equal to 
the number of fpindles. Alfo in the horizontal beam QR are 
the fame number of wires, 5, 5, 5, ce. to direé& the thread to 
the reel. 4, ” are rollers for the edge of the belt to move over. 
6, 6 are two hanks upon the reel. When the belt grows flack by 
ftretching ; the frame MN is drove back, by means of a wedge 
§, and fo kept at a greater diftance from the roller G. © 


The trundle C may be taken off, and others of more or. 


fewer rungs put on, as occafion requires, by lifting the end 7, 
of the axis of the keel, out of its focket ; and the finer the 
thread, the fewer rungs it muft have. ‘The circumference of 


the reel DE for worfted is 4 feet, 4 inches; for thread is iz 


feet, 5 inches. 

When the thread or worfted is wound upon the bobbings, by 
the help of a wheel, they are put upon the fpindles, as C; and 
then put within the belt ZKZ under the fnecks 2, 2; then.the 
handle 4 being turned, carries the cog-wheel B about, which 
drives the drum / and the barrel G, the barrel G moves 


the belt: in direction JKL about the’ frame MN, which refting. 


on the whorles 2, 2, moves them, and the whorles~and bob- 
bings very fwiftly about. In the mean time, the drum C, is 
turned round by the axis of the cog-wheel B, and C carries 
about the fpur wheel D and the reel, with a flow motion. So 
the threads being put through the wires 4, 5, and fixt to the 
reel, thefe threads will be wrap’t about the reel and make the 
hanks 6, 6; as many as there-are bobbings. When the hanks 
are of fufficient bignefs, they muft be taken off the reel, which 
is done by pulling out the pins 1, 1, and then one fide of the 
reel will fall in, and the hanks flack’t, and may be taken off 
one .after another, by lifting the end V of the axis, out of its 
focket. | 2 | > 
The double yarn, €%c. is to be wound tapering on the’ bob- 
_bings, as at C, making it broadeft at the low end, otherwife 
it will not come freely off the bobbings, without breaking. 
The frame work confifts of perpendicular beams fixt in 
others lying horizontal, as defcribed in the figure, the breadth 


from 4 to V being g or 10 feet. The lower part of the frame 
a KK. MN 
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DESCRIPTION oF 


3 MN confits of two elliptical. pieces, cut out of boards, and 


{et at about a hand’s breadth diftance one above the other, with 
pieces of wood between. . In the lower (which is broader than 
the other) are the fockets, in which the bottom part of the 
fpindle of the whorles move; in the upper, the {necks are fixt. 
The part OP, in which are the wires, is an elliptical piece 
like the under ones, and fixt thereto by 4 perpendicular pieces 
or pillars of wood. All the reft will be plain from the figure,, 


Le aye bh 


AEKE is a clock. ‘The different forms and conftructions of 
clocks are almoft as various as the faces of thofe that make them. 
The following is a common 8 days clock. KF is the moving 
part; JE the ftriking part. } 

’ The work contained between 2 brafs plates is as follows, # 
the firft or great wheel of 96 teeth; G the fecond wheel ot 0 


teeth, its pinion g of 8 leaves, H the third wheel of 56 teeth, 


its pinion A of 8 leaves; I the Jalance wheel of 30 teeth, its 
pinion i of 7 leaves; and K the balance. Likewife / the great 
wheel of 78 teeth, B the piu wheel of 48 teeth, 4 its pinjon of 
8 leaves; C the hoop wheel of 48 teeth, ¢ its pinion of 6 


leaves; D the warning wheel of 48 teeth, and its piniond of . 


6 leaves; E the fy, ¢ its pinion of 6 leaves. | 

The ends R, R, of the arbors of the wheels 4, F come thro’ 
the face of the clock, and thefe arbors are fixt in the darrels 
P, P, of 6 or 7 inches diameter ; and on thefe barrels, the therm 
frrings Té¢ are wound, which go round two pallies with the 
weights, that carry the wheels about. Thefe two barrels are 


moveable round about within the wheels, but are kept from _ 


turning back, by the catch S and its /pring, and the racket wheels 
Q fixt to the barrel. The weights are wound up by help of 
the wiach or handle 11. In the rim of the wheel B are 8 pins, 
which as the wheel goes round, thruft back the end 5 ofthe 


hammer O, and when it goes off the pin, the /pring 7 makes 


the hammer O ftrike againft the dell N. >. . 
The wheel C has a boop upon its rim, which is cut away in 


one place, to let the end 2 of the detent fallin. In the rim of ~ 


the wheel D, there is a pin which ftops againft the end x of 
the atm wx, and hinders the wheels turning about. | 

On the axis op is fixt the two pieces vs, and the detent 12. 
On the axis gr is fixt two pieces wx and the lifter 3; and on 
the end of that axis which comes through the fore plate, is 
put the 4/ter 10, and pinned faft on. HG 
ee A * e 
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~ "The arbor of the wheel G comes through the face ; upon this Fue. 
arbor between the face and fore plate, is put the wheel z of ~302, 
20 teeth, its arbor being hollow, and under the wheel jis put 303. 


the brafs fpring /, with the concave fide upward, this fpring 
having a fquare hole in it, to fitthe fhoulder of the arbor of G. 
The wheel Z of 40 teeth turns upon a fixt pin or axis, and is 
driven by the wheel z The dial wheel f of 48 teeth, is put 
with its hollow /ocket upon the arbor or /focket of z, then the 
face being put on, their ends come through it, and the hour 


hand kis put upon the fquare end of f, and the minute pointer 


W,, wpon the end of z, the wheel z being thruft down to bend 


the fpring, and then a pin put in to keep it there; the pinion 


of Z, calied the pinion of report, has 8 teeth, and drives the 
wheel f and the hour hand. Now the {pring s keeps the wheel. 
z pretty tight upon the axis of G, fo that G will carry it about 
along with it, And if the minute pointer be thruft about, it 
will force about the wheel z, and alfo Z, and likewife f with 
the hour- pointer. ae | 

The arbor of the wheel 4 goes through the back plate; 
upon it, behind the plate is put the wheel ¥ (or pinion of re- 
port) of 28 teeth, and pinned there. The double wheel XY 
is carried by 7, and turns upon a pin fixt on the back of the 
plate. The wheel X has alfo 28 teeth, and the count wheel Y 
is divided into ix parts of unequal lengths, according to the 
ftrokes the clock is to ftrike at every hour; part of this wheel 
is reprefented at s. A flender {pring is put on with this wheel 
to keep it tight. ‘This part may be made more fimple, by 
leaving out the wheels 7, X; and putting’2 upon the axis of 
A inftead of 7; but it muft be put on the contrary way. 
~ The arbor of the balance wheel J comes through the fore 
plate, almoft to the face, and through a hole in the face is 
put the hollow focket of the /econd pointer 12,3 and this fhows 
the feconds by a {mall circle divided into 60 parts. And the 
face is alfo divided into two circles, fhowing hours and minutes. 


"The pendulum hangs on the fixt piece of brafs M4, by a but- . 


ton at top, and a thin piece of brafs going into a flit at M4, 
and a flat piece of brafs goes into the fork L, fo that if the 
pendulum moves, it muft move the rod KE, and balance K 
along with it. A : : 

The pallats 8, 9 of the balance K, are fo formed that the 
under-fide of 8, and upper-fide of 9, where the teeth of the 
‘wheel 7 aét, are polifhed planes ; and made floping, fo that a 
tooth fliding along the under-fide of the pallat 8, will ae 
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the balance K to the Jeft hand; and a tooth fliding along the | 
upper-fide of the pallat 9, will force it to the right. 

The work is put together, by fetting the teeth together that 
are mark’t in the wheel B and in the pinion ¢, and likewife in — 
the wheel C and pinion d. Then the minute pointer is put on’ 
the arbor of z, mark to mark ; and the hour pointer the fame 
way on the arbor of f, And the wheels z, Z, f are fet to 
one another according to their marks. _ | CE 

The weights hanging upon the wheels 4, F; and. the pen- 
dulum made to vibrate, the wheel F drives G, which drives H, 
which drives J; then whilft the pendulum vibrates to the right, 
a tooth flips off the pallat 9, and in its return to the left, a 
tooth flips off the pallat 8, then on the right another goes off 
g, and fo on alternately ; and the weight caufing the teeth to 
act againit the pallats of the balance, keeps the pendulum in 
motion ; and the wheel J goes round in a minute. : 

As the wheel G goes round it ‘carries about z, with the mi- — 
nute pointer once round in an hour; z drives Z, which drives 
f once round in 12 hours. .Whilft the wheel z goes round, ~ 
the pin m raifes the lifter 10, which lifts up the piece 3, and 
the arm wx; the piece 3 raifes the detent 12, together with 


vs; the end 2 of the detent being raifed above the hoop, the 


% 


wheel C moves about, and by the oblique figure of the end of 
the detent 2, it raifes the end, of the detent higher, and alfo 
raifes s out of the notch of the count wheel. Then the wheel 
D turns round, till the pin in the rim ftops at the end x, which 
hinders the motion. But as the wheel z goes further about, 
the lifter 10 falls down off the pin, together with the piece 
wx, and latch 3, which fuffers the wheel D, and the reft to 
turn round; and the pin-wheel caufes the hammer to ftrike fo © 
often, till the end s falls into a notch of the count wheel, and 
then the detent 2 falls into the vacancy in the hoop, and locks 
the work ; which continues fo till the next hour, that the piece 
10 is raifed again; and then fhe ftrikes as before ; the wheel 
C goes round every ftroke of the clock ; but the ftrikes 1 more 
every fucceeding hour, becaufe the teeth’ between the notches are! 
made longer and longer in the count wheel; and it turns round 
once in 12 hours. | 


General rules in all clocks. 
In the ftriking part, the pin wheel being divided by the 


pinion of the hoop wheel, the quotient fhews the number of 
pins in the pin wheel, - | 
| If 
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If 78 be divided - by the number of pins, the quotient fhews 
the revolutions, that the pin wheel makes for one revolution of 302. 


the count wheel. 
_ The hoop wheel. divided by the pinion of the warning wheel, 
muft be a whole number. 


In the moving part, the ¢raim is the number of beats the 


clock makes in an hour; which is 3600 if the beats feconds - 
in this cafe the balance wheel muft have 30 teeth. 

If G turns round once in an hour and fhews minutes; then 
the quotient of G divided by the pinion of H, multiply’d by 
the quotient of Hf divided by the pinion of J, and that multi- 
ply’d by twice the teeth in J; muft be equal to the train. And 
if fhe beats feconds, then the product of the two quotients muft 
be 60. | | | | 

If alfo G fhows the hours, then the quotient of f divided 
by the pinion of Z, multiply’d by the quotient of Z divided 
by z,,muit be 12. eee, | 

From the great wheel to the balance, the wheels drive the 
pinions ; but.to the dial wheel, the pinions drive the wheels ; the 
former quickens, the latter leffens. the motion. : 

Any wheel being divided by the pinion that works in it, 
fhews how many turns that pinion hath to one turn of the wheel. 
As if the pinion be 5 and the wheel 60, it is fet down thus, — 


‘5) 60 (12 times. Or thus 2. = 12 times. 


The teeth of feveral wheels and pinions that work in one 
another, are fet down thus, 


4) 36 (9 times 
8) 80 (10 times 
6) 54 (9 times 
5) 40 (8 times _ 
eee Bees 1 BO h. 
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In the former way, the number on the left hand of any wheel 
is the pinion that it drives; and the number over it is the 
pinion on the fame axis. In the latter way the feveral fractional 
quantities reprefent the quotients. | 

Any wheel and the pinion it drives, will have the fame mo- 
tion with another wheel and pinion, when their quotients are 
equal. Thus a wheel of 36 drives a pinion of 4, all the fame 
| as 
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as a wheel of 45 does a pinion of 5; or a wheel of 90 Z pi- 


nion of 10. } 
In any motion you may ufe one wheel and one pinion, or 
elfe feveral wheels and feveral pinions, provided they all give 


the fame motion. Therefore when a number is too big to be 


cut in one wheel, you may divide it into. two or more quotients. 
In a wheel and pinion that work in one another, their dia- 


meters muft be as the number of teeth in each. And the dia. 


meter muft be mieafured, not to the extremity, but to the mid- 
dle of the tooth, or where they ad. . 

The excellency of ‘clock-work, confifts in forming the teeth 
truly, and to fit the notches exactly without fhaking, and to 


play freely; the teeth muft be’ cut into the form of cycloids, — 


_ which refembles the fhape of a bay leaf. 


A clock goes exaéter as the pendulum jis longer, and the ~ 
bob pretty heavy, and to make but {mall vibrations ; and for | 
more exactnels, to play between two cycloidal cheeks ; and the 


longer the arms K8, K 9, the eafier the clock goes. The 
length of a fecond pendulum is 39 7% inches. See the theory 


of pendulums in Prop. XL. XLT. LVII. 
The pallats 8, 9, are here formed after the common way: | 


but there is another way of forming them. From the center 
of motion @, defcribe two fmall arches a, and de. Thefe {malt 
lines or planes #8, and ds, and alfo the working fide of the 
tooth A», muftall range to » the center of the balance wheel. 
And the ends of the pallats «y, and dy, mutt range a little 


. to the right hand of the center 6. Then the teeth of the 


balance wheel will fall alternately on the fides 26, and d:, 
And any tooth, whilft it as againft «6, or de, will have no 


effect in moving the pendulum; but lies dead, till it makes its. 


efcape, off the angle a or 3; and then in moving along the 
plane wy, ‘or dn, it forces the pendulum to the right or left. 
But the conftruction will be better thus; take $7, 90 each 
equal to } ad. From the center + defcribe the arches «G, d; 
and let the ends ay, dn, range tog. Or perhaps it may anfwer 
the end as well, to defcribe «@, and d¢, from the center 6, 


and let the acting fide of the tooth, range (not to x, but) tou — 


the outfide of the circle defcribed with the radius xv or tiated 
The inconvenience of any of thefe conftructions, is, that the 
pallats are too thick, and ‘can hardly find room to fall in be- 


tween the teeth of the balance wheel. 
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ABC is a cutting engine to cut the teeth of clock wheels. 4C 
an iron plate 22 feet long, and 3 or 4 inches broad. EE 
_another plate fixt 4 or 5 inches lower. G a /ider, fliding along 
a grove inthe end C: this is made of feveral plates of iron 
fixt to one another with fcrews, and fitting clofely to the edges 
of the plate, and to the fides of the grove, and likewife to the 
upper and under fide of the plate; this is to caufe it to move 
truely along the grove when forced forward or backward, by 
the ferew at I and its handle; for this fkrews through C, and 
turns round in a collar in the end G. The end of this flider 
turns up perpendicular; to this is fixt the part F by a pin K 
which goes fquare into this part, and through a round hole in 
Fy; fo that the part / can turn about the fcrew pin K, and 
may be fixt by turning the nut 2 with the key 9, which nut 
{crews upon the end of the pin. | 7 


- B is a brafs wheel of 96 teeth, carrying the pinion D of 12 


leaves; thefe move between the cheeks LZ, M414; which are 
joined by the crofs bars N, and P; thefe cheeks and their ma- 


chinery turn round on the axis LM, in the part F. f is the 


cutting wheel, whofe edge is. nothing but a file to cut the teeth, 
as it goes about ; this goes upon the arbor of the pinion D. 
There are a great number of thefe cutting wheels, of different 
fhape and bignefs ; which may be taken off the arbor and others 
put on; thefe parts are defcribed at 4, 4, c, d; @ the pinion 
and its arbor, 4 the cutting wheel going upon the arbor which 
is octagonal, and fits it exactly, having the fides marked that 
are put to each other, ¢ a hollow piece which goes on the fame 
‘axis ; and the nut d {crews on the end of the arbor, to keep ¢ 
and the wheel 4, faft on. The ends of the arbor are hardened 
fteel, and pointed; and this arbor runs between the cheeks 
LM, through which cheeks there goes 2 {crews, with holes to 
receive the points of the arbor, and thefe {crews are fet toa 
_ proper diftance, by {crewing them in or out by help of a key 9, 
going on fquare upon the end, and then the fcrews are lock’t 
there, by the nuts O, O. rs isa fpring, fixt with one end to 
the under-fide of the crofs bar N, and the other end s ,lying 
upon the plate 47, and this. fpring raifes the part LLM, 
_when the notch is cut. ¢ is a fcrew pin going through the 
bar P, its end w refts upon the plate 4/, and hinders the 
wheels from defcending lower. 1, 1, are two fcrew pins, which 
{crew through LM, by help of the key , and go with their 
‘ points 


N 
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- #1, points into F, which has two holes to receive them, thef pins 
304. are lock’t to L, M by turning the two nuts, which alfo {crew 
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upon the pins. ‘Thefe fcrew pins, nuts, and cheeks, all turn 
round together in the holesin FL | 


H] is the dividing plate, being a brafs circular plate 15 or 16 


inches diameter. This plate is fixt to a hollow brafs axle Q . 
_ an inch in diameter ; and this axle goes through the two plates 


AI, EE; and both the wheel and its axle turn about together ; 
the lower plate cannot be feen, but is reprefented at R. Near 
the edge of this plate, there are 24 concentric circles, each di- 
vided by points into a certain number of equal parts, viz. 366, 


965, 260,) 118, .F06, 96, 92, 90, 88, 84, 80, 78, 703 War 


70, 68, 64, 62, 60, 58, 56, 54, 52, 48. The ufe of thefe 


are to divide a revolution into any number of equal parts, ac- — 


cording to thefe different circles. | | 
ei is an arbor going through the hollow axle QR, with the 
thoulder 4 againft the top of that axis, then the nut x is {crewed 


upon the end 7, to keep it faft. m is the wheel to be cut into - 


teeth ; there is a hole made in the center, jut to fit the part ge, 
which being put on, and the piece / above it, they are then 
{crewed hard down with the nut & going on the end e. Then 
if the wheel H be turned round, it carries about with it the wheel 
m. here are feveral arbors ei, for fitting different wheels m. 

wy is a moveable index, it turns about a nail, as a center 


in the end w, there being a flit in it, to let the bottom of the 


{crew x pafs through as it moves. y is moveable back and for- 
ward, and may be fixt any way by the two fcrews. z is a fteel 
point, which moves along the circumference of any circle you 
require, from one point to another. 7 is the winch to turn 
the wheel B; 2 is the handle to pull down the machinery near 
the plate. : 


To ufe this machine. An arbor e proper for the wheel m, 


which is to be cut, being put through the axis 9, and fcrewed - 


faft, as appears at R; and then the wheel m and the parts &, 7 
put on above 2, and ferewed faft. Loofen the fcrew x ; and, 
moving the index wy till the fteel point z fall in the circle, 


_ containing the fame number of parts, the wheel m is to be divided 


into, there fcrew it faft with the fcrew x. Then putting on the 


cutting wheel f proper for the work ; turn the handle and {crew _ 


Z, and drive the machinery with the wheel f towards 9, till 
the edge of f lie juft over the edge of the wheel m to be cut ; 
there fix it by the handle 7 ; and turn the wheel Z till ~ falls 
into fome point of the circle; then take hold of the handle S, 
and pull it down, till f falls againft the edge of m; then hold- 


ing 
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ing it there with one hand, turn the winch 7 with the Others; rig... 


| which carries about B, and this drives D with the cutter Ff, and 
this motion cuts a notch in the edge of m, and when it is deep 
enough, the pin 7u (properly fet) {tops at the plate 4C and hin- 
ders it from going further. Then let go S, and the {pring rs 

raifes up the wheels, €c. This done, pull about the wheel H, 
- till = fall in the next point of divifion; then draw down S, and 
turn the machine as before, till you have made another cut 
deep enough. And thus you mutt proceed till x has gone thro’ 
all the points of divifion in the circle, and then your wheel is cut 
into its proper number of teeth. | 

When the number of teeth wanted to be cut, .anfwers to none 
of the circles, take fuch a circle as can be divided by your num- 
ber, and if the quotient be 2, 3, 4, €%c. then you muft 
fet zto every 2d, 3d, 4th point, &c. fkipping the reft. As 
if you want 21 teeth, take the circle 84, which divided by 21 
gives 4; fo that you muft fet z to every 4th tooth only, and fo 
cutit. ; : 

A crown wheel may be cutsthe fame way ; but then the cen- 
ter of the wheel f muft be brought over the edge of the wheel 
to be cut, and there fixed. Alfo oblique teeth may be cut in a 


wheel after the fame manner ; but you muft firft eafe the fcrew ° 


K, and then turn the cutting frame about K as an axis,’ till the 
cutter f have a proper degree of obliquity, and there fcrew fait 
the pin K, by the nut 2, and proceed as before. 

After the teeth are cut with this engine, they are ftill to be 
wrought into their proper form, with files fuitable for the bufi- 
nefs ; and this the workman mutt do by hand, 


Ex. chy 


EH is aglazier’s vice, for drawing window lead. PG, 2H two 
axles, running in the frame KL, ML. C, D two wheels of iron 
- Cafe hardened, 14 inch broad, and of the thicknefs of a pane of 
glafs, thefe wheels are fixed to the axles, and run very near 


one another, not being above x of an inch diftant; acrofs their ’ 


edges are feveral nicks cut, the better to draw the lead through. 
£, F, two pinions of 12 leaves éach, turning one another, and 
going upon the ends of the axles, which are fquare, and kept 
_ faft there by the nuts P, 9, which are fcrewed faft on with a 
Key. 4, B twocheeks of iron, cafe hardened and fixed on each 
fide to the frame with {crews, thefe are cut with an opening 
where the two wheels meet, and fet fo near the wheels, as to 
leave a fpace equal to the thicknefs of the lead ; fo that sate 
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eeks there is left a hole, of the form re- 


305. prefented at N, which is the fhape of the lead when cut through. 


The frame KLML is held together by crofs bars going through 
the fides and fcrewed on: and a coveriis put over the machine _ 
to keep out duft; and it is {crewed faft down to a bench, by 7 
{crew nails LL. a a | : an: 2 
When it is ufed, the lead to be drawn is firft caft in moulds, 
into pieces a foct long, with a gutter on each fide. Take one 
of thefe pieces, and fharpen one end a little with a knife, and put 
it into the hole between the wheels, then turning the handle Z 
the lead will be drawn through, of the form defigned. | 


Ex. CV. 


AC a water-mill for grinding corn, without either trundle or 
cog-wheel. BC is the arbor, or axis of the mill, this is a cy- 
lindrical piece of wood, about two feet diameter; GHIKLMN 
is a leaf or wing of wood, whofe breadth is about the radius of © 
the arbor; this runs fpiral-wife Yound the arbor from bottom ° 
to top, afcending in an angle of about 35 degrees ; it muft every 
where ftand upright on the furface of the. arbor. Inttead of one 
you may ufe two of thefe fpiral leaves, efpecially if they be nar- 
row. ‘This arbor and its {pirableaf, turns round upon a pivot © 
P at the’ bottom; and at the top B, it has a fpindle which 
goes through a plank, and is fixed to the upper mill-ftone D, 
which turns round with it; fo that the arbor has little or no 
friction. QRST is a hollow cylinder, made of ftone or brick, 
to enclofe the arbor and its leaf; and whofe infide is walled as 
near as poffible, juft to fuffer the leaf to turn round without 
touching ; fo that no water can efcape between the leaf and the 
wall ; and confequently it can only run down the declivity of the 
leaf, its top is reprefented by the circle QB7V. RWS is an 
arch to let the water out at the bottom, to, run away; and big 


et oy 


enough to go through torepairtheengine. Fisthetroughthat 


brings the water; D, E the two mill-ftones. -4the hopper and 
fhoe. The arbor and its leaf may be cut altogether out of 
the folid trunk of a tree ; or elfe the leaf may be made of pieces 
of boards, nailed to feveral fupporters of wood, which are to be 
let every where into ‘holes made in the body of the arbor, fo as. 
they may ftand perpendicular to its furface; and all fet ina 
fpiral. And the fpiral is made on this confideration; that 
for every 10 inches in the circumference of the axis, you muft 
rife 7 inches in the length. But at the top G, it will be better 
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to rife fafter, fo as to have its furface almoft perpendicular 
to the ftream. . | 3 ‘as 
_ When the mill is to go, the corn is put into the hopper at te 
‘which runs down the fhoe, through the mill-ftone D. And the 
fpout F being opened, the water falls upon the oblique leaf 
‘GHIK, and by its force turns the axis BC about, and with it 
the ftone D, and grinds the corn. | 
co a Rok VE 
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DBF is the arch. of a bridge, which thall fuftain itfelf, and all 
the parts of it in equilibrio. Such an arch will be ftronger 
than any other, becaufe an arch that can fuftiain itfelf, will 
more eafily fuftain an additional weight, than an arch that can- 


not fuftain itfelf, but only by the cohefion of the mortar. This - 


arch DBF is a femicircle whofe center is R, and vertex B ; and 
the wall 47¢a muft be fo built, that the height 47, in any place 
A, mutt be as the cube of the fecant of the arch B.4, which will. 
caufe it fo run upwards towards D, in the form of the curve 
t8T. But as this form is not commodious for. a bridge ; the 
conftruction may be performed thus. In any place of the. arch, 
as A, let the fuperincumbent part AT be built of heavier mate- 
rials, than at B ; in proportion of the cube of the fecant of the 
. arch BA; for the parts near B; but in fomething lefs proportion 
in the parts towards 4 and D. And the right line GSg_ being 
drawn, will nearly terminate the top of the wall. But as ma- 
terials cannot well be procured for this purpofe ; the following 
way may be ufed. 


- With the radius BR defcribe the arch DBa, of go degrees ; 
_ DB, Bd beingeach 45. And if BR confift of 1oo,parts, make. 
BS, 16. Draw the right line GSg, perpendicular to SBR: and 
the arch DBd fhall fupport the wall DGgd in equilibrio in all its 
parts, Ifthe arches DB and Bd be made each 60 degrees, and 
the height BS, 7 parts; and the right line GSg drawn; then the 
arch DBd will equally fupport the wall DGgd in ail parts: but 
then the materials made ufe of about the places a, a, ought to 
be only about half the weight of thofe at B and D. \ And thefe 
are the principal cafes in which a circle is ferviceable, for making 
an arch ftand in equilibrio, 
_ Another equilibrial arch is from the catenary. Make the /z- 
tus recium BS, 100 equal parts ; BR, AR, RF each 159; defcribe 
_ the catenary ABP, through the points 4, B, and F. . Then ABF 
will be an arch which will fupport the wall AGgf in equilibrio, 
in every point of it. The fault of this arch is, that by reall 
eee Lb 2 ze 
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- g1a. of the height BS, there is too much weight of wall upon it; 
"30g. which will endanger the finking the piers, except the foundation — 

"be very good ; and it likewife raifes the bridge toohigh, 

‘a Another arch of equilibration is this; make SB, BR, ARof 

; any lengths at pleafure ; draw the right line GS parallel to the ; 

horizon; and to the affymtote GS, draw the logarithmic curve | 
AB : which may be done thus, draw AG perpendicular to GS; di- 
vide SG into any number of equal parts, and as many points of 

divifion as you have, find fo many mean proportionals between — 
| SB and GA; fet thefe from the refpective points in SG down-_ 

- wards, in lines drawn through thefe points parallel to SR; and — 

thefe will give fo many points, through which the curve B4, is 

to be drawn; and the curve 6F is drawn the fame way ; between 

thefe, the pier BD is placed with a tower upon it. The only — 

fault this arch has, is, that the water way is diminifhed by the 

pier BD; and as many arches, fo many fupernumerary piers” 


wv 


_' there will be. er anaes 
a1, _ I fhall now fhew how to defcribe an arch clear of all thefe in- 
conveniencies. Make BR, AR, RF, each equal to 30 feet; BS, 
3: feet. Draw AG, Fg parallel to RS. Divide SG, Sginto 30 
equat parts or 30 feet; through all the points of divifion, draw 
lines parallel to SR, as TC. Then upon each of thefe lines, fet 
off from SG downwards; the number of feet you find in 
the following table, refpectively, as JC; then C will be 
in the arch. Do the fame for the fide Sg. Then the curve 
FBCA drawn through all thefe points C, will be the arch re- ae 
quired. The curve is eafily drawn through thefe points, by help — ee 
of a bow held to every three points; or rather to four or five 
points at once ; which may eafily be done by two or three per- 
fons holding it. Preece: i) a 


hes 


2 Beet, ww 


bignef is of the arch ; efpecially, if built of trong 
~ counts; or if higher a at G, two or three inches more: 


_creafes from the vertex B, 
At the points 4, F, where the arch fprings, it rifes at an. 
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ab i pees Oe the arch at top, BS be fiptinted to ie, 2 


2 
feet, A feet, or 5 feet, Efe. It will require a different curve to 


be ce onftructed ; but this feems to be ftrong enough for the 
, found {tone. 
Here : 3% feet is affigned for the thicknefs of | the arch ; but it 
muft be made 2 or 3 inches lefs, on the account of the par apet 
wall,’ for this adds weight to the whole. Alfo if the top GS is 
not exactly horizontal, ‘but i is 2 or 3 feet lower at G than at S; 

the thicknefs BS ought to be 2 or 3 inches lefs upon that ac- 


niceties make no fenfible difference in practice. 
This curve differs from the catenary (in fig. 309. ) For at 


_ the vertex B it is lefs curve than the catenary ; ; and towards 4 
it is more curve. 


The curvature at B in this arch is very near 
that of a circle, whofe radius is BR. And the curvature in- 
and is leaft about C. 


angle 88° Palys above the horizon. 


Tf: an arch is required to be either greater or lefs than this; it 


is no more than taking any other equal parts inftead of feet ; 


and fetting off all the lines by thefe equal parts. 


In this 1 {cheme I have drawn a circle to fhew the difference 
yetween that and this arch. The like I have done in fig. 309, 
Whence it appears, that a circle circumfcribes all 
thefe arches of equilibration; and confequently a circle is too 
curve at the lower parts, or at the hanch of the arch. ; 

I 


but thefe 
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"perpendicular to the curve in that pot. 9%, 


_ the arch, according to the firmnefs of the ground they are to 


Gre 


exactly in all places ; but this is eafily managed with a little care, _ 
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If any architects or builders of churches or bridges, fhall 
pleafe to make ufe of this curve here conftructed (fig. 311.) for ! 
the form of an arch; they will find it the ftrongeft arch poffible 
to be made, for thefe given dimenfions. And where many 
thoufand pounds are laid out in building a fingle bridge; it is 
certainly worth the pains, to feek after the form of an arch | 
which fhall be the ftrongeft poffible, for fupporting fo great a 
weight. And it is very furprizing that no body has attempted 
it. Inftead of that, all people, have contented themfelves with 
conftructing circular arches; not knowing that different pref 
fures againit the arch, in different places, require different curva- 
tures; which does not anfwer in.a circle where the curvature isall = 
alike. A circle, itis true, is very eafily deferibed, and that may be =. 
one reafon for making ule of it: but furely, the defcription ofthe 
curve here given, is very eafy, bythe foregoingtable, andcancreate _ 
no difficulty at all. Ifthere be any difficulty in the practice, it 
is only in cutting the ftones, of a true curvature, to fit the arch. on 


by taking proper dimenfions ; obferving that every joint muft bey 


A circle, or any other curve, where the curvature is not pro- i 
perly adapted to the weight fuftained ; is not capable of fuftains 
ing fo vaft a weight ; but muft in time give way, and fall to 
ruin; except the mortar happen to be fo ftrong asto keepitto- 
gether. On the contrary, the arch here defcribed, fuftaining 
every where a quantity of preffure proportional to its ftrength, 
will never give way, fo long as the piers, which are its bafes, 
ftand good; but by virtue of its figure, willftand firm andun- __ 
fhaken, as long as the materials the arch is made of, willlaft. 

As to the piers, their thicknefs may be 4, 3, or $ the width of 


ftandon. ‘They muft be confiderably broader than the bridge, 
reaching out on each fide into the water, being’ built with | 
fharp edges to divide the ftream. At ‘the bottom they muft _ 
be well fenced with fterlings for their fecurity. The outermoft 
pier muft be built far backwards, to fuftain the oblique preffure 
of the arch, which has nothing elfe to butt againft 3, otherwife _ Hie 
the pier or buttrefs will yield to the prefiure of the arch, and 
the arch will break. Piemeetae iy 5) 02) ae brah 9 
Ex. CVENY an 60> ae 
QCF is the weighing engine, at the turnpikes, for weighing 
road waggons. CD is a {trong beam of wood moving about 
the center. EF a fteel yard, moveable about the center H, — 


/ 


Yo 
4 
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and {ufpended at D, by the iron hook DH. PA feveral iron- ¢-1 o. 
chains fufpended at a hook, moveable about the center P; PH 312 


is about 3 or 4 inches, H/F’ about 10 or 12 feet. The 4 hai 
it A are to put round the waggon. F'a leaden weight fixed at 

> end F, whofe weight is about 17 hundred.weight. Ga 
scat weight of ¢ ne a hundred weight, this is aiid alone 
the graduated beam HF, at pleafure. “KNL a {eaffold to walk 
on. CSis a chain hanging at C, and fixed to the brafs pulley 
ine Ror ind this pulley goes the rope MSR, whofe end AZis fix- 
ed, to the crofs bar QQ, of the frame Q9T' T. In this frame, 
yheels and axles 1, 2, 3 move round; being turned by the 


7 handle B, fixed to an iron wheel or fly. iets wheels and. 


Jes are iron, the trundles contain 11 teeth, the wheels 
50. The rope R is wound about the wooden axle 3, be- 
ing 5 or 6 inches diameter. . At the end of the axle op- 
polite to B, is another handle to be ufed upon occafion. The 
frame & is fixed faft in the ground, that it may not be pulled 
up. I he beam CD and fteelyard EF, move between the cheeks 
KZ and NX, which ferve to guide them, and likewife ftrengthen 
the fre ne they move in, which frame is tyed together with feve- 
races, as NNO, VO, &c. 

wen any waggon is to be weighed, the 4 chains 4 are 


hooked round it, it, yee a man turns the handle 8; which, by . 
curnipign ie alice: winds the rope about the axis 3, which pulls. 


wn the rend Cy which, raifes the end D, of theleaver CD. The 


8 man upon the feafold INE, Miawee che eight G 


ea! 


till it 4.3 equilibrio ; ; and the divifions of the beam fhew how 


much. the waggon is above 60 hundred weight, 

In fome engines the beam CD is wanting ; inftead of which 
there are two blocks and pullies, the upper one faftened to a 
- crofs beam ZX; the lower is hooked to the piece DH; and the 
ope goes from the top block, to the axis 3; but in this cafe, the 
axis of the wheels are parallel to the fide of the machine, and 
not. perpendicular, as they are in the former ; and then there is 
but one wheel and pinion, each of iron, the wheel of rro or 120 
teeth, and pinion 11. 

Laftly, i in fome eachines that likewife want the beam CD; 
the wheels and axles 1, 2, 3 are placed in the top of the machine, 
above ZX; where being turned round, they raife the beam EF, 
ther by a rope going from’it, or by blocks and pullies. 
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: $ £ vi es \ \ 
ee 


— 


264 


FIG. 


ee 
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HRK is a large organ. \ HIH the found board , this is compo- 
fed of two beards; the upper board, or cover HHH , and the - 
under one II, which is far thicker than the upper one. Each. 
of thefe is made of feveral planks laid edge-ways together, and 


joined very clofe. Inthe under fide of the under board, there 
continued fo far, as is the number of ftops in the organ; and 
coming almoft to the edge HK. Thefe channels are covered over 
very clofe, with leather or parchment, all the way, except a hole 


are feveral channels made, running in direétion LL, MM, &SFe. 


which is commonly at the fore end next HK, upon which a _ 


valve or puff is placed. Thefe channels are called’ partitions. 


When this flap or valve is fhut, it keeps out the air, and ad- 


mits it when open. On the upper fide of the under board, 
there are likewife cut feveral broad, fquare cutters, or chan- 
nels, lying crois the former, but not fo deep as to reach them ; 
thefe lie in direction LN, PQ, &c. Andto fit thefe channels, 
there are as many wooden /ders or regifters, f, fy f, 8c. run- 
ning the whole length; and thefe may be drawn in or out, ar 


pleafure. The number of thefe is the fame as the number of 
{tops in the organ. 3 A 


[KKK the wind chef; this is a fquare box, fixed clofe to the © 
under fide of the under board, and made air tight, fo that no 
air can get out, but what goes through the valves, along the 
partitions. . | 


Vv’, V are the valves or puffs which open into the wind cheft ; a 


and are all enclofed in it, and may be placed in any part of it, as 


occafion requires. One of thefe valves with the {pring that fhuts. 
it, and wire that opens it, is reprefented apart, on the left hand. 
C, D, E, F, &e. are the keys on which the fingers are laid, 


when the organ plays. Thefe keys lie over the harizontal bar 
of wood WY; in which are ftuck as many wire pins z, z, on 
which the keys are put; and the keys move up and down upon 
this bar, as a center. 3 is another bar, againft which the keys 


fall when put down; on this alfo, are feveral wires, going - 


through the keys to guide them; and on this bar, a lift is faf- 

tened, to hinder the knocking of the keys againft it, 
Now the keys are made to communicate with the valves feve- 

ral ways, as I fhall now defcribe. 5, 5, 5, are the key rollers, 


moving on the pivots 4, 4; thefe rollers lie horizontally one 
above another, and one at the end of another; of fuch a 


Jength, as to reach from the valve to the key. a, a, a, arms 


/ Or 


~ a Some es ar eh Ee es 
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or leavers fixed to the key rollers ; Ww, w the valve wires fixedto ric 
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the arms a, 2, and to’ the valves V, and going through the 313. 


holes 4, /, in the bottom of the wind cheft. 4, 4, 6 arms fixed 
likewife to the key rollers. d, d, d the key wires, fixed to the 
arms 4, }; and to the keys C, D, E. Now putting down the 
end of any of the keys C, D, EZ; it pulls down the arm 3, by 
the wire d, which turns the roller s about, with the arm a, 
which pulls down the wire w, which opens the valve ; which is 
thut by the fpring, as foon as the key is let go, In this con- 
ftruction, there muft be a worm {pring faftened to the key, and 


to the bar /, on the further fide, to keep the end 5 of the key, 


down. | 

Another method of opening the valves is this. xy, xy, are 
flender leavers moveable upon the centers 1,.1. 5x, sx are 
wires going from the far ends of the keys, to the ends x of the 


leavers. yV, yV, other wires reaching from the ends y, of the 


leavers, through the holes 4, to the valves VY. So that putting 
down the key, C, D, &c. raifes the end 5, which thrutts up the 
end w of the leaver, by the wire 54; this deprefies the end y of 
the leaver ; which pulls down the wire 7, and opens the 
valve /. . | 
A third way of opening the valvesis this. At the end of the 
key 6, is a leaver 8, 9, moving upon the center 7.. This with 
the key makes a compound leaver. From the end g, there is a 
wire goes to the valve. Now putting down the end 6 of the 
key, raifes the end-8, which deprefies the end g of the leaver 
8-9, and pulls down the wire, and opensthe valve. I have on- 
ly drawn one of thefe in the fcheme, and but a few of the others, 
to avoid confufion. au | | 
R, Rare the rollers to move the fliders, by help of the arms 
of, of, which are fixed horizontally in thefe rollers. %e, ke are 


leavers alfo fixed in the rollers. /e, Je are the handles, which _ 


lie horizontally, and pafs through ‘the holes /, /; and are faf- 
tened to the leaver ke, being moveable about a joint at e. 


Now any handle /p being drawn-out, pulls the end ¢ towards — 


4, which turns Ré about, along with the arm cf; and the end 
Ff pulls out the flider fg. . And when p is thruft in, the arm cf 
likewife thrufts in the flider fy. , 

Upon all the feveral rows of holes which appear on the top 
of the upper board ; are fet upright fo many rows of pipes; X 
is a flute pipe of wood, Z a flute pipe of metal, Ya trumpet pipe 
of metal. The pipes pafs through holes made in boards, placed 

above the upper board, to keep them from falling. 


Mm The 
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The pipes are made to communicate with the wind cheft after 


this manner. When any flider fg is drawn out; holes are 


-bored through the upper board, through the flider, and through 


the under board, into the partition below : fo that any pipes, 
placed upon thefe holes, will then communicate with the parti- 


tion; which, by its valve, communicates with the wind cheft, 


But when the flider is thruft in, the holes in the flider, do not 
ftand againft the holes, in the upper and ynder boards; and 
the communication is ftopt, fo that no wind can get tothe pipe. 

qT, 97 are the “bellows, which muft be two. at leaft. > g, g 
the wings; O, O the handles, moving upon the fixt axes m,.np, 
Each of thefe bellows confifts of two boards; the under board 
is fixt immoveable, In this there is a valve r opening inwards, 


and a tube leading to it, called the conveying tube. There is 


alfo a hole in this under board, from which a tube leads te 
the portvent, which is a fquare tube 24, rifing upwards, and 
is inferted into the under fide. of the wind cheft at 2. And in 
the tube leading to the portvent, .there is a valve which opens 
towards the portvent ; which fuffers the air to go up the port- 
vent, but none to return. All the bellows are conftructed ‘after 
the fame manner. Now the handle O being put down, raifes 
the upper board 7, and the air enters through the valve 7; 
and when the handle is let go, the weight of the upper board 
7, (which carries 3 or. 4 1b. to every {quare. foot) continually 


defcending, drives the air through the portvent to the found | 


board... And as one pair of bellows at leaft, is always defcend= 
ing, fince they work alternately ; there will be a conftant blaft 
through the portvent. . pel sh arta og Bibaehhy web vi 

In chamber organs, there is but one pair of bellows, which 
confifts of 3 boards, in nature of a fmith’s.bellows ; and fo has 
a continual blaft. ‘saguagetons ike shy ae 

All the inner work is hid from fight, by the face of the in- 
ftrument ftanding upon 36. —_- af 43 wlan i] 

As many partitions LE, MM, &c. as there are in the found 
board; fo many valves Y, V, rollers, 5, 5, or elfe fo many 


leavers xy, or 893 and their wires; and that is juft as many 


as there are keys 4, B, C, &Sc. And there are generally 61 
Keys, with flats and fharps; reaching from G to G, the com- 
pals of 5 octaves. But the fcheme could not contain them all. 


_ Likewife there are as many handles 4, 4, Ge. rollers, R, R, 


Ge. fliders f, f, Sc. as there are different ftops upon the organ. 


And it muft be obferved, that, between the fliders 6 f, &cw. 


there are as many fliders, on the right hand; and the fame 


number of handles and rollers, which cannot be expreffed in 


this 
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this fcheme. And other rows of pipes placed between LN, 
PQ, 8. And towards the middle of the organ, the leat 
pipes are placed, and the leaft partitions; the greateft being 
on the outfide. ' | 
_ There are many {tops in fome organs, but generally 10 or 12 
‘on each hand; thefe are fome of them, diapafon, principal, 
fifteenth, twelfth, tearce, cornet, trumpet, french. horn, vox- 
humana, flute, baffoon, cremona, €&c. and a contrivance to 
fwell.the notes of fome of the ftops. : 
_ When this noble inftrument is to be play’d upon ; put down 
the handle O of the bellows, this raifes the upper. board 7, and 
caufes the air to enter in at the valver. Then that handle 
being let go, the other handle O is put down ; during this time, 
the board TZ of the firft, defcending, and fhutting the valve 7, 
drives the air through the other valve, up the portvent into the 
wind cheft. Then drawing out any handle, as the flute ftop 9/, 
this draws out the flider fg, and all the pipes in the fet LV are 
ready to play, as foon as the keys C, D, E, &c. are put-down. 
Therefore putting down the key D, by laying the finger upon 
it, opens the correfpondent valve mV, and the air enters thro’ 
it, into the pipe X, and makes it found. In the fame manner, 
any other pipe, in the fet ZN, will found, when its key is put 
down. But no pipe in any other fet PQ will fpeak, (becaufe 
the communication is ftopt,) till its lider f is drawn out by the 
correfponding handle 7. ™ | | 
Pipes are made either of wood or metal ; fome have mouths 
like flutes, others have reeds.. The fmalleft pipes, are made 
of tin, or of tin and lead. The found of wooden and leaden. 
pipes is foft. Short pipes are open, and the long ones are 
ftopt; the mouths of large fquare wooden pipes are ftopt with 
valves of leather. Metal pipes have a little ear on each fide of 
the mouth, to tune them, by. bending it a little in or out. 
‘Whatever note any open pipe founds, when the mouth is ftopt 
it will found an oétave lower: anda pipe of twice its capacity, 
will found an odtave lower. 3 
~ Tt will not, I think, be foreign to my defign, if I give a 
fhort account of the method of tuning organs, or harpficords. 
But I muft firft premife fomething concerning the feale of mufic. 
It is known from undoubted experiments, that if AL be a 
{tring of a mufical inftrument, and if the {tring be ftopt fuc- 
ceffively at 2, 5, 9, p, 0; andz, 3, 4, % 2 of it be made to 
vibrate, it will found an eight, a fifth, a fourth, a greater third, 
and a leffer third, refpectively. , | 


Mm: | | } Now 
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Now as the difference between the fourth and fifth is ace 
counted a whole*tone, whereof there are 6 to make up the 
octave ; therefore we fhall have $ — 3, or +: for the difference 
of the ftrings, that are to found a note one above the other, 
whereof the greater is 3. Confequently if the ftring is 1, that 
difference would be 5. Therefore $ of any ftring, will found 
a note higher ; and 5 of this fecond, would found 2 notes higher 
than the firft; and © of this third, would found 3 notes higher 
than the firft, &c. and this being 6 times repeated to make up 
an octave, we fhall have 2x 5x5 x3xix! = 4 as 
it would be if this note was exact, but that product is lefler, 


being but .4933; and therefore ; is too fmall, and too great 
for atone. And 6 of thefe notes do not exattly make up an . 


octave. : 


After the fame way, if we take the difference between the © 


fourth and leffer third for a whole tone (4—4), we thall 
get x of the ftring for a whole note, but this will be found to 
be too great, being .5314 inftead of .5; therefore vs is too 
{mall for a note. } | 

If we try by half notes, we fhall ftill be no better. The 
Jefler third, the greater third, and the fourth. differ by half a 
note ; of which there ought to be twelve in the octave. In the 
former cafe we get 24 for-the length of the ftring, in the latter 
r65 and z's or xe for the length of half a note. The firit is 
far too little, and the latter as much too big. : 

As none of thefe notes or half notes will make up an oc- 
tave ; fo: neither will any number of thirds, fourths, or fifths, 
make one or more o¢taves. \ A leffer third contains 3, a greater 


third 4, a fourth 5, and a fifth 7 half notes. Therefore Hy 


leffer thirds, or 3 greater thirds make an, oftave; and 12 
fourths, fhould make 5 o¢taves ;. and. 12 fifths, 7 octaves. But 
if this was fo, then we fhould have 3}+ = 4, 4\3 53, and 
= F)5 (that is F)¥ = 4), and FY = But never.a 
one of thefe is fo. And hence we may conclude, that no {cale, 
made up of thefe notes, or half notes, or any combinations of 


them, or of thirds or fifths, €?c. can be: perfectly. exact. 


Now to contrive a fcale to anfwer as near as poffible-all-the- 
requifites. Let AL, dm, An, Ao, ce. to AY or 4 AL, be 


13. geometrical proportionals, “Then thefe ftrings AL, Am, 


“dn, (Sc. will found all the half notes in the o¢tave,. gradually 
afcending. Therefore if AL be put=1, 4Y =:; Am, An, 
4o, &Sc. being fo many mean proportionals between 1 and 4, 
will be found, as fet down in the following table,. 

| } Cords. 
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FIG.. 
| no.¢ | wotes equally | pure con- 314, 
| sorts ag Brings yfeending. | cords errors 
| ground | AL | 1.00000 |1.00000| © 
 b fecond| Am 94387 
Mg ee. | 89000 to cil 
(| third| Ao | 84090 | .83333| ars | 
‘gf. third) Ap | .79370 | .80000] 47's |. 
fourth | Aq | 74915 | 175000 | 4 x80"), 
BRIAN Ane Nl SoROAEL oye pei) wre lea 
jifth As 66742 | .66666 | d zs 
lef. fixth | At |. .62996 | .62500] & Hs 
‘gr. jixth | Au | _.59460 | 60000 cae 
b feventh| Aw | .56123 7 
a feventh, Ax 52973 
eight AY «50000 |: .50000 O 


In this table, the 3d column fhew the lengths of the vibra-- 
ting firing, when the fcale afcends by equal degrees of found,, 
er when all the half notes are equal. ue 

The 4th col. fhews the: length of the ftring to found the: 
pure concords. Hea ean af | | | | 
- The laft' col. relates only to the concords: and fhews the 
error of the 3d col. expreffing what part of a whole tone it is; 
and whether it is below (expreffed by 2) or above (by +), By 
this col. we can judge how the fcale in the 3d col. will per- 
form. And thefe errors are found by comparing the 3d and 
4th col. together. As fuppofe you would know what it is in 
the fifth, we fhall have 66742 —66666=76, and 7o711— 
62996=7715, which reprefents a tone in that place: Then. 

77%5 OF roo is the error; which is*but the hundred part of a 
whole tone. And: as the: number in the 3d col. is greater, it 
fhews, that by this Cale, the fifth is flatter than it ought to: 
be.* And fo. are the reft of the errors found out, and’ 
examined. | us 

Now its evident, that the error in a fifth or’a fourth is quite 
infentible in. practice ; but the thirds and fixths fuffer the moft, 
being in fome but the 13th part of a note, which perhaps may _ 

be fenfible to a good ear; but then it will not be fo percep- 
tible ina third, as it would be in a fifth; becaufe a third is lefs 
perfect than a fifth. And the fweeter the cord, the more eafily’ 
is an imperfection difcovered. Now although thefe trifling 
errors will take away fomething from the fweetnefs of the har-. 
mony,, 
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F146, mony, and will hinder the fcale from being abfolutely perfec 5 


314, yet there is no remedy for it, but what is worfe than the difeafe. 


As to the tuning this inftrument, itis plain that the notes ought 
not to be tuned by perfect fifths, for the upper note will always 
be the hundred part of a note too high. And fince one mutt 
take 12 fifths, before he can comie at the fame note again, 
whence he fet off; there will at laft be an error of +32 or % of 

a note, which is very difcoverable in a fifth. The method 
therefore to be taken, is, to make the upper note a very little 
flatter than a perfect fifth; by firft tuning it perfe&, and then 
lowering it a {mall ‘matter, but not fo much as to offend the 
ear. And after you have thus gone through the oftave; if 
you find the laft note either too high or too low ; begin a new, 
and alter them all a little, according to your judgment, till 
the laft does agree: but this judgment is to be attained prin- 
cipally by practice. Upon the firlt o¢tave being rightly tuned, 
all the reft depend, and therefore one ought to be very exact 
in its for in all the reft, there is nothing’ to do but to take the 


_ “eights above and below. And you ought to begin to tune . | 


about the middle of the inftrument. 

Thofe that tune by thirds, ought to take the upper note of 
the greater third, as fharp as the ear will bear. And leffer 
thirds fhould be taken as Hat as they may. 

Moft people in tuning, take fome of the fifths perfect, and 
leave others imperfect; which they call bearing notes. But 
this is attended with great inconvenience : for the mufick ought 
to be fo fet, that no fifth ought to fall on any of thefe bear- 
ing notes, which inftead of being a perfect concord,. will be no 

better than a difcord ; fince the error in thefe bearing notes is 
very great. For if there is but one, in an o€ave, its error is 
+ of a note, if two of them, and both alike, #5 of a note. 
Now if thefe people be fo nice as to diftinguifh +3< part of a 
note, much more would they be offended at 3 or +. And al- 
ways to avoid taking the fifths upon thefe notes, when they 
come naturally in the way; would be cramping, and even 
fpoiling the mufic.. And another difadvantage would arife, 
that a piece of mufic could not be tranfpofed upon any key at 
pleafure, whatever need there might be for it: but muft be 
‘tied down to a very few. And if this method could cure, in 
any meafure, the errors of the fifths; yet it would not at all 
mend thofe of the thirds, which are far greater. And if any 
one third fhould happen to be better’d ; its certain that others 
will be made as much worfe, and will be turned into difcords. 
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Set. XIN. COMPOUND ENGINES, 27% 
Some that like not the eguibarmonic or ifotonic fcale, above ¢ x o. 
defcribed ; would compofe a fcale of feveral forts of tones .and 314, 
femi-tones, as %, vo, and x%, 37, Ye, to, 76, (Fc. butwhatend ~ 
can this anfwer? it is very eafy to fhew, that if fome cords may 
be taken perfect: others will be miferably bad, and degene- 
rate into difcords. But this {cheme feems to be built only upon 
the confideration of abftract numbers ; for it regards only this, 
how to make feveral fractional quantities refolve themfelves 
into others more fimple, by multiplication; which is athing 
of no manner of ufe in mulfic. | ip 
Others, to avoid the badnefs of the cords which fall in fome 
places, have invented quarter notes; which makes the mufic 
extremely. hard to play; and is, befides, far from anfwering 
the end propofed. Therefore upon the whole, I cannot but 
think the fcale above defcribed; to be the beft for practice. For 
fo fmall-an error as +és of a note in a fifth, and every where 
the fame, cannot be fenfible, or do much hurt to the mufic. 
And I will venture to fay, that the very alteration of the wea- 
ther, in 24 hours time, by heat or cold, drought or moifture ; 
will have fuch an effect upon either ftrings or pipes, as to caufe 
a greater difference than this amountsto. ‘There are imper- 
fections in every thing, which, we cannot. quite take away ; all 
we can do, is to-make them: as little as. poffible. .. i 


PUI ee CS 19% 3 * ak AY : 
More examples of the conftruction of engines might here, be 
~added,. But as there is fuch an, infinite variety.in the world, 
it would be an endlefs tafk to defcribe all the kinds of them. 
Therefore I think it needlefs to produce any more, efpecially, 
fince their conftruction and ufe. depend upon the fame princi- 
ples as thefe already defcribed. And if the reader does but 
thoroughly underftand the powers and forces of thefe before 
mentioned’; he cannot be at a lofs to find out the powers, 
forces, or motions, of any other machine, though never fo 
compounded. | sf A | 
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ALPHABETICAL IN‘DEX 


OF THE 


Terms ufed in Mecuanics. 


Aa 


ALR PUMP, a machine to draw the air out of a glafs. 

RT us nrg: a | 

Ajutage, the fpout for a jet d’eau in a fountain. 

Amplitude, the diftance a ball is fhot to. . ees 

Anemofcope, a machine for fhewing the point of the wind. See 
Fig. 253. Pee 

Angle of application, is the angle which the line of direGtion of 
a power makes with the leaver it acts upon. » | 

of inclination, is the angle an inclined plane makes with 

the horizon. Biche: . 

~—— of Trattion, the angle which the direction of a power makes 
with an inclined plane. | | te, | 

Aqueduc?, an artificial river, or tube to convey water. > 

Arbor, the axle or fpindle of a wheel. Fig. 18 “Ga 

4rch, a hollow wall made of a circular form, to fupport any 
building. - ae ; 

Areometer, an inftrument to meafure the weight of liquors. 

4rm, any piece of timber or metal, that projects horizontally 
from fome part of a machine. , 

Axle, or Axis, the line or fpindle about which a wheel turns 
round, Fig. 185. ef. | 

Axis in peritrochio, a machine for raifing weights, confifting of 
a wheel, fixed upon a cylinder for its axis. 


B. 


Balance, a machine to weigh bodies in; one of the mechanic 

powers. fig. 188. 
Balance wheel, the fly or pendulum of a watch. 
‘ Baro- 


| EXPLANATION or TERMS. 
Barometer, a machine to fhew the weight of the air or at- 
_ mofphere. See Fig. 218. | | 

Barofcope, the fame as barometer: a weather glafs. 

Barrel of a wheel, is the axle, or cylindrical body, about which 
_ the rope goes. (oft 

—— of a Pump, is the hollow part of the pump where the pifton 

(ORES. i | 

Barrs, ftrait pieces of timber or metal, that run crofs from one 

. art of a machine to another.’ , 

Bafe, the foot of a pillar. | | 

Bafil, that angle, the edge of a tool is ground to. 

; fpgme Piece of timber three or four inches broad, and an inch 
thick. 

to Batter, to lean backward. 

Bauk, along piece of timber. 

Beak, the croked end of a piece of iron, to hold any thing faft. 

_ Beam, a large piece of timber lying acrofs any place. 

Beetle, a wooden inftrument, or mallet, for driving piles. 

Bevil, any angle that is not right. An oblique angle. 

Block, alump of wood. et | 

Blocks, pieces of wood in which the fheevers or pullies run, and 

through which the ropes go. fig. 42. 4, B. 

Bolts, large iron-pins. p 

, the faftening feveral pieces of timber together, either by 

mortife and tenant, dufftailing, Ge. _ A 

Brace, a piece of timber fixed obliquely into others, to flay 
them from moving any way. 

Brackets, the cheeks of the carriage of a mortar. A cramping 
iron to ftay timber work; alfo ftays fet under a fhelf to fup- 
port it. | | | 

Brads, nails having no broad heads. 


Bridge, any horizontal beam, &c. that is to fupport fomething. — 


Butments, thofe fupports on which the feet of arches ftand. 
Buttrefs, a piece of ftrong wall that ftands on the outfide of ano- 
ther wall to fupport it. : Sahin 


Capftand, a machine on board a fhip, to hoife the mafts, or 
raile any weight. Fig. 248. — 

Cafcade, a fall of water. | 

Cataraé, is a precipice, or violent fall of water ina river, thro’ 
high rocks, caufing the water to fall with a great noife and 
force. | 

Catch, fome fmall part of a machine ; which, in its motion, 


hooks or lays hold of fome other part to ftop it. 
| No | -. Center 
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Center of mation, the point about which a body moves. | 
‘omen gravity, the point upon which a body being ‘fafpended, , 


—— of percuffion, the point of a vibrating body that gives my, | 4 
Chain pump, a pump having feveral buckets fixed to an endlefs 


Chaps, two, fides, of a, machine ahich take hold of any thing. . 
_ Cheeks, two upright parts of a machine, anfwering to One ano- 


: Contrate-wheel, a wheel in a clock, where the teeth are parallel | 


Corbel, a piece of timber, or ftone, fet under another piece, to 


‘Grane, a machine. for hoifting goods out of; a: fhip, or for raif- 


» 


EXPLANATIONor TERMS, 


it will reft in, any pofition, 2 
——+ of magnitude, a point cquidiftaae from the oppofite, €X- ce) 
treams of a body. The middle. — e 


greateit ftroke. on 
Center pin, a pin about which, as a, center, a body moves.” ae 
chain, which goes through it, and is moved round upon an 
axle. 276 2A 4. 


ther in ‘pofition and ufe. 

Chronofcope, a pendulum to meafure time. 

Clack, a fort of valve which is flat, like a board ; ferving. to 
ftop a fluid from, running out. _ Fig. 268.7, a flap. " 

Clamp’t, when, the edges of two pieces of boards are joined to- 
cether, fo, as the grain of one. may, lye crofs the grain of the 
other. : 

Clap, a fort of buckle to. faften any. thing. 

Clap nails, thofe with little heads to fink into the wood. 

Claws, flender crooked Pieces of metal in a machine, which 
ferve.to move or hold. any. thing. Long, teeth. 

to Clench or clinch, to double back. the end’ of a nail, that it 
may- not draw. out again. ‘To rivet. 

Clench nails, nails that may be clinched. 

Cock, a, brafs fpout to let a fluid run out, or ftop it by turning. 

as, the wooden teeth of a great wheel. Fig. 185. a, a, ¥ 

Cog-wheel, a large wheel made of timber, where the teeth ftand 
perpendicular to the plane of the wheel. Fig. 185. CD. 7 

Collars a ring of metal that goes about, any thing, near the top, 
in which it turns, round, | 

Column, the-fhaft-or trunk of a. pillar. 


to the axis, and ftand on the inden fide of the rim. 


difcharge the. weight. 
Crab, a {mall capftand with three claws, to. be placed. on the 
cround, moveable from one plane to. another. This is cal- 


led a flying capitane. 


ing Beast c orftone. Fig. 233. P 
' 5, Cranky 


en, 


EXPLANATION or TERMS. 


Crank, that part of an iron axis which is turned {quare with 


- 


anelbow. fig.238.JI. Ie 
Grofs-tree, a horizontal beam fixed acrofs another. 
Crow, aftrong fquare bar of iron, forked at the end ; td rétiiove 
heavy timber, ‘¢. by ufing it with the hands. | 
Crown-wheel, in a clock or watch, is that next the balance, its 
teeth ftand in the upper fide of the tim; and fiot in the edge. 
- Figax06. FG. * 7 Bs | 
Cupulo, a hollow arched tower, in form of a hemifphere, or of 
a bowl turned upfide down. 


: D. NS 
Denfity, is a greater or leffer quantity of matter contained in © 


a-given fpace. _ bend hay fs be 
Dezenis, are thofe ftops, which being lifted up; the clock ftrikes ; 
and falling down, the ftops. | 
Dog nails, nails ufed for faftening hinges. 
ome, around vaulted roof or tower. A cupola. 
Dormant, a great beam lying crofs a howfe. “Ai fimmer. 
Dormér; 2 window in the roof of a houfe, ta 
Dovetailing, leting one piece of timber into another; with a 
| Joint in form of a dove’s tail, being broader at thé end, that 
it may not draw out again. | 
Drum, the lantern or trundle which 
wheel. fig. 266.EF, R : ; 
Drum bead, 4 timber héad, or lump of timber, in form of a drum. 


EY 


is carried by. a great 


Edging, the outfide or border. 


Ladlefs chains a chain with the énds joined together; by which | 


any part of a machine, is wrought... OUT: ve 
Endlefs ferew, a {crew working in the teeth of a wheel; which 
__may be turned about for ever. “Fig. 193. E. : 


Engine, a mechanical inftrument compofed of wheels,. leavers, 


fcrews, &c. | 


Eolipyle, a hollow globe of metal, filled with water, and put 


in the fire; the heat and vapour rufhes out at a {mall hole, 
with a great noife. Fig. 264. | 


Equilibrium, the equality of weight, of two or more bodies, Tes. 


__ Keeping one another at reft. 


Eye, a hole in fome part of “a machine, through which any 


_ thing is put. | | 
Nna2 . , F, 


276 | 


EXPLANATION or TERMS, 
F. 


Face, the front or forefide of a machine, or of fome principal 
part of it. 
Fang, fome fmall piece of metal like a long tooth, that by its 
“motion moves fome other part. 
Fellies, pieces of wood on the outfide of a wheel ; which make 
the rim. 
Ferril, afort of hoop. » 0M 
Floats, the flat boards fet perpendicular on the edge of a water- 
wheel ; by which the water drives the wheel about. Fig. 
240. D, Dz : 
Fly, that part in a clock, Ee. that regulates the motion, and 
makes it uniform. Fig. 168, 169, 170. | 


_ Force, any thing that acts upon a body to put it in motion. 


Force pump, a pump that difcharges water by prefling it se 
wards. Fig. 267, 268. 
Frame, the outwork of any machine, or 1 what holds all the ng 
together. ; | 
Free, clear of all impediment. 
Friétion, the refiftance that bodies have by Bias againit o one 
- another. % 
Hulerias that which fupports a dale in moving any heavy body. 


WG; 


Gain, the levelling fhoulder of a joift or other timber. 

Gin, a machine to raife great weights. sid 257. 

Gravity, the weight of bodies. 
— /pecific, by this one body weighs more or lefs than a ano- 
ther of the fame bulk. 


- ne relative, is the weight of a body i in a guid, or on an. ae 


clined plane. 
Groove, a channel cut in wood or fishes, 
Gudgeons, the eyes in the -ftern of a fhip, on which the rudder 
hangs... The center pins of an axle. 4 
aes a re round. - 


H. 


Hand. an aa or pointer. ) ve 
Handle, the part of an‘inftrument to fale hold on with the hand. 
Hand fpike, a wooden leayer to be ufed with the hand, in mov- 
ing any thing. 
Lead, the top part of any thing, 


Hem, 


EXPLANATION or TERMS. 
Hem, the‘edge of fome cloth turned down and fewed. 
Hinge, an iron joint on which a door turns, &e.. 
to Hitch, to catch holdon, with a hook or turn of a rope: 
to Hoife, or hoifi, to heave up, or raife by force. | 
Hook pins, taper iron pins with a hook head, by which they are 


ftruck out again. They ferve to pin the frame of a roof or 


floor together, till wrought off. } 
Hoop, a circular ring to put about any thing,. to keep it faft. 
Hydraulics, the,art of making engines for water works. 


Hydrometer, an inftrument to meafure the denfity of fluids. 


Fig. 269. ie 
Hydroftatics, a {cience teaching the weights, preffures, motions, 
and properties of fluids. | | ri 
Hydroftatical balance, an inftrument for finding the fpecific gra- 
vity of bodies. | 
Hygrometer, y an inftrument. for meafuring the moifture and dry- 
Hygrofcope, t nefs of the air. Fig. 265. : 


i vk I, 

Pte | 2 

ack, an engine to lift up a loaded cart, or the roof of a houfe, 

ee, See Fig. 249. Alfo an engine to roaft meat. Fig. 258. 

Fack pump, achain pump. . Bie, 

Faums, door pofts, or window pofts, &e. 

Fet de eau, the pipe of a fountain, which fpouts up water in- 
tothe air. Fig. 287. 

Impetus, any blow or force wherewith one body ftrikes or im- 
pels another. 

‘foint, the place where one part is fixed into another, or moves 
about it. ? seh | 

Foifts, thofe pieces of timber framed into the dormant, in a 
houfe, and on which the boards of the floor are laid. 


__ Keys, ftones in the top af an arch, to bind the fweeps together. 
‘Kenk, a fnarle, or little turn upon a rope, that it cannot run. 
Knee, a crooked or angular branch of timber. | 


Ly 


Lantern, that part which is moved by the cogs of a great wheel, 


acting againit the fpindles or rounds. The drum, Fig. 266. 


Latch, that which faftens a door, &c. A fneck. 
| . Leaver, 


ane 


‘ 
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278 EXPLANATION or TERMS: | . 
” Leaver, or lever, a bar of iron or wood to raife a weight : one a 

, _of the mechanic powers. "| Sie Pre | a. 
Leaves, the teeth of a pinion. Fig. 18 Bee, et. Bk 

_ Ledge, a flat border or plain, adjoining to a thing. a 


Level, an inftrument to place any thing horizontal. Spear} a 
Linch pin, a pin that keeps a wheel from coming Off 1(S alan: eae ie 


Lip, a thin edge turned hollow. ihe : 3 
Loop, a piece of metal having a hole in the end, which goes ; 
over fomething. A noofe in a rope that will flip. Dy ie) 
_ Machine, a mechanical inftrument for moving bodies. a) a 
Mechanics, a {cience that teaches the principles of motion, and. Bec” > 
conftruction of engines, to move great weights. ae 
Mechanic powers, are thefe fix ; the balance, leaver, wheel, pul 
ley, fcrew, and wedge: and according to fome, the inclined Pi 
plane. 7 aj Bi Ua eM x 
Mitre, an angle of 45 degres, or half a right one, And half ; 
mitre is a quarter of aright angle. = Bas q 
Momentum, quantity of motion ; or the force or power a body - 
in motion has to move another. i a Panipat tty 3 a 
Mortife, a {quare hole cut in a piece of {tuff to receive the a 
tennant, / og 
Motion, is the fucceffive change of place of a body ; or its pate 2 
fing from one place to another. ot a 
Moving force, any active force or power that moves a. body. ~ ) aa 
Mouth, the part or parts of a machine that take hold of any ae 
thing. ‘The entrance into any cavity. is - 
N . y 
: ‘ GcuMel | | ih a 
Nave, or Naff, the block in the middle of a wheel. m 
Neck, a part near the end, cut fmall, ; ae 


Notcb, a dent, nick, or flit made in an’ thing, ; ee 
Nut, the pinion of a wheel. Fig. 185. AB. A {mall piece of (Se 
metal going upon the end of a fcrew Me beh Ps y 


Oe ae 
Ofcillation, the vibration or {winging of a pendulum. 7 
ho PR: | | | 
Paddles, a fort of oars, The laddle boards on the edge of a 
water-wheel; RNa ee ne Me thee 
: Pedefal, 
Ae i 


” 


( 


4 


EXPLANATION or TERMS. 


P edefal, the bafe or bottom part. of a pillar. 


Peers, or Piers, a fort of buttrefles, for fupport and ftrength, 

P eg, a pin to go into a hole. 

Pendulum, a weight hung by a ftring or wire, fwinging back and 
_ forward to meafure time. : 


Penftock, the fluice or door, that opens or fhuts the pafface of 


the water to a water-wheel. 
Percufion, the ftriking of one body againt another. 
Peftil, a long piece of wood or metal, which rifes up and falls- 


»  dowmagain: to beat or bruife fomething. 


Peveis, or Pivots, the ends of the fpindle of a wheel in a 
clock or any machine, which play in the 


Pevet holes, the holes:in. which the ends of a fpindle or axle of 


a wheelturn. Fig. 185. ¢, f. 
Picket, a ftake pointed with iron, to dtive into the ground. 
Pillar, aperpendicular column. fupporting one end of an arch, &c, 
Pinion, a little wheel at. one end of the fpindle, confiftine but 
of a few leaves or teeth, Fig. 185. AB. | 
Pifton, a round piece of wood moving up and down within the 
_ body of a.punip, to draw up-the water. | | 
Plate, wpiece of timber; on which fome heavy work is framed, . 
as wall plate, &c. A flat piece of metal, : 
Pneumatics, a {cience teaching the properties of the air. - 
Pole, a long ftaff, or flender piece of wood. 
Pot, a perpendicular or upright beam of wood. | 
Power, the force applied to an engine to raite any weieht. Or’ 
any force acting‘upon a body to: move it. | 
to. Projed?, to.jet out.or hang over. 
Projetziles, balls or any heavy bodies thrown into the air, 
Prop, a ftay or fupport for any thing, to bear it up. 
Pulley, a fmall'wheel with a channel in the edge: of it, moving’ 


_ § about’an axis fixed in a block’; the channel is to receive a 


_Tope that goes over it. One of the mechanic powers. 
Pump, an engine to raife water. Fig. 204. | 
Punchins, fhort pieces of timber, placed upright to. fuppert fome 
. Weight, — | ; : 
ies: R. 


Rag-wheel, the barrel or wheel in-a-chain pump. | 
Ratls,. {mall pieces:of wood joined into others’; thofe pieces in- 
to which-the pannels of doors, €P¢: are fitted, ; 
Rammer, an: inftrument for’ driving ftones or piles into the 
_ ground, or beating the earth. __ 
Random, the diftance to which-a‘ball‘is fhot 
‘ Range, 
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Bnleis, little flat, thin, fquare pieces ok wood. 


| Scantlin, ftaff cut to a proper fize. 


EXPLANATION or TERMS. ~ 


Range, the dire€tion a ball is fhot in, from a piece of ord- =~ 
nance. | | vate: | 7 
to Range, to run ftreight, or diredtly in a fine. ) i 
to Reeve, to pafs a rope through any hole. | 


Return, the fide that turns off from any piece of ftreight work, q 
Ribs, flender pieces of timber, ferving for ftrength and fup- 
ort. . 


Rim, the circular part or outfide of a wheel. {yS, .g ae 
to Rivet, to batter down the end of a nail, that it draw not — y 
- out again. | | ; 
Rod, a long flender piece of wood or metal. ¢ 
Roll or roller, an engine turned by a handle, to raife weights, 
BIE QM sy ma 
Rounds, the ftaves or fpindles in a lantern, againft which the 
teeth of a great wheel work. Fig. 266, ¢, ¢. The fteps in 


a ladder, &c. | 
Ruler, a thin ftreight piece of wood. 
Rungs, {pindles or rounds. Fig. 266, ¢, c¢. 3 | 
Runner, a flat circular ring, between the nave and linpin of a 
wheel. Alfo.a fort of rope on board a fhip, to hoift with.. 


S. 


Sails, large pieces of canvafs, by which fhips, windmills, &e. 
are carried, by help of the wind. | 


Screw, one of the mechanic powers. The tap ‘with the thread is 
the male fcrew, the hollow that receives it, is the female 
Screw, | 

Scribing, drawing an irregular line upon one piece of ftuff, pa- 
rallel to the irregular fide of another, with a pair of com- 
pafies opened to a due diftance; and carried along the fide 
of it. Then the wood in the firft piece being cut away, 
thefe two pieces will fit each other. ma 

to Seaze,: to bind or faften a rope, Se. 

Shaft er foank, any long part of an inftrument, efpecially that 
is held with the hands. 

Sheers, two poles fet up an end floping, and tied together at 
top; and fecured by a rope from falling. Their ufe is to 
raife any weight by help of a block and tackle at top, __ 

Sheevers, pullies, the little wheels that run in blocks, by a rope 
‘going over them. 1 - 


elf, a board, &¢. fixt horizontally. yt yh: 
Shoulder, 


EXPLANATION or TERMS. 


Shoulder, a part of timber or metal, cut thicker than the reft, 
in order to fupport fomething. 

Shrouds, the ledges on the edge of a guttered wheel. © 

Sills, fells, or groundfils, pieces of timber that lie on the ground, 

’ into which others are fixed. Sole trees. 

Siphon, a crooked glafs tube, for drawing off liquors. Fig..216. 

Sleepers, pieces of timber laid as a foundation and fupport for 
others that are to lie upon them. | 

Slings, thefe are made of a rope fpliced with an eye at either 
end, to go over a cafk or fome heavy thing, which is to be 
hoifted. . 

Snatch block, a great block with a fheever in it, and a notch 
cut through one of the cheeks of it; to hitch the rope into 
the pulley, for readinefs. : 

Socket, a hollow piece of metal, in which any thing moves. | 

Sole, the bottom of the gutter or channel, in a gutter’d wheel. 

Sole tree, the loweft piece of timber which lies flat on the 


ground, into which the upper works are framed. The’ 


groundfel. | | 
Spamifo burton, a fort of tackle to hoift goods, like Fig. 197. 
Spear, a long pointed iron, or piece of timber. 
Specific gravity, is that whereby one body weighs more or lefs 
than another of the fame magnitude. : ' 
Spike, a pointed iron, or piece of wood. 
Spindle, the axle of a wheel. Fig. 185. ef. 
Spires, the turns of a rope about a cylinder or roller. ! 
to Splice, to join two ropes together by working the ftrands 
into one another. 
Spokes, pieces of wood running from the center of a wheel to 
the circumference, like rays. | 
Spring, an inftrument made of fteel, that being bent, it con- 
tinually exerts a great force, that it may unbend itfelf again, 
Springing plates are fometimes made of brafs. 
Spur, a fort of prop, fet aflope to thrutt. 


Spurs, long wooden teeth ftanding in the edge of a large tim- | 


ber wheel. Fig. 192. a, a, a. 

Spur wheel, a wooden wheel where the teeth ftand in the edge 
of the rim. Fig. 192. CD. : 

Staff, a ftick or fmall piece of wood. | 

Statics, a part of mechanics, teaching the motions and proper- 
ties of heavy bodies. | 

Stay, a piece of timber, or other thing fixed as a prop or fup- 


port to fome heavy body. 


Oa: | Steel 


283 


984 


; 


EXPLANATION or TERMS. 


Steelyard, an inftrument to weigh bodies, confifting of a long 


‘beam and a moveable weight, Figs 190. : 
Stock, the wooden part of a thing, and into which it is fixt. 
Stopple or fiopper, a plug, that fits into a hole. 
Stops, any {mall pieces in a moving machine, that ferve to 
top the motion. : 
Strain, the ftrefs or violence any thing fuffers by a weight or 
force acting againit it. | 


Streaks or firaiks, the iron going round the circumference of 


catriage wheels. AP: 
Sind, a knob, or little button. A folid piece of metal fixt to 
a plate. re | 
Stuff, any wood that joiners work upon. 
Swivel, a metal ring that turns about any way. 
Syphon, the fame as fiphon.. 4 crane. Fig. 216. 


Syringe; an inftrument for injecting liquors into any place. 


kB: 


Tackles, blocks with pullies and ropes in them, to heave up 
goods. Fig. 196, 197. | 

Tenon, the fquare end of a piece of wood, made to fit into a 
mortife hole. ai 

Thermometer, 2 an inftrument to fhew the degrees of heat and 

Thermofcope, i cold. fig. 270. : . 

Thread, the fpiral ridge, that goes winding round a fcrew. 

Thruf, the action againft a body to pufh it forward. 

Tight, ftitt, clofe. 

Tongue, a thin flender piece of metal in a machine. 

Tool, an inftrument to work with. ) 


+ 


fome other wheel. Or what ferves to cut, or take hold on. 

Tranfom, an overthwart beam in a building. 

Triangle, an engine ftanding on three legs, to raife weights 
with. Fig. 195. dail : 

Trundle, the part which is carried about by the teeth of a 
wooden wheel. The lantern or drum. Fig. 266. EF. 

Trunk, a hollow tube or box. ~~ 

Tumbler, a part in a machine that rolls about upon an axis, 
and plays back and forward. . 

Tumbrel, a roller, or cylindrical beam of wood. 


Tympanum, 


\ a te 


Tooth, the indented part on the edge of a wheel that moves 


4 


+ ee te a ig ge. 


‘ 


EXPLANATION or TERMS. 
Tympanum, a kind of wheel placed on an axle, and has ftaves 
or rounds inftead of tecth, and is carried about by a great 
wooden wheel, A trundle or drum. Mg. 266. EF. 


U. 


Valve, a piece of wood, &c. fo fitted into a hole, that it opens 
and lets a fluid pafs through one way ; and fhuts and ftops 
it the other. Fig. 268.V. W. A fucking valve, is that where 

the water follows the pifton. 4 forcing valve, when it is 
driven through before it. 

Vane, afail, or fan; generally to fhow the point of the wind. 

Velocity, an affection of motion, and is that by which a body 
pafles over a certain fpace in a giventime. Swiftnefs, or 
celerity. 

Vibration, the moving or fwinging of a pendulum back and 
forward. | | | 

Vis inertie, a property of body, by which it refifts any im- 
preffed force, and endeavours to continue in the fame ftate, 


W. - 


Wallower, a trundle upon a horizontal axis. Fig. 257, F. 

Waterpofe, an inftrument to try the ftrength of liquors. A 
hydrometer. ° 3 

Web, the thin broad part of an inftrument, as the web of a 

, Rkeyieec. 

Wedge, an inftrument to cleave wood. One of the mechanic 
powers. ; | | 

Weight, the tendency of bodies downward. ‘The matter raifed 

__ by an engine. f | HTD 

Wheel, a machine confifting of an axis anda circular rim, with 
teeth in it, and then it is called a toothed wheel. 

——— Smooth, a wheel without teeth, turned by a rope. 

Wheel and axle, a machine to raife weights. One of the me- 
chanic powers, Fig. 30. bs ah Bae We 

Winch, an inftrument with a crooked handle, to turn any thing 
about with. | be | 

Winder, a winch or handle to wind about. ets 

Windlafs, a machine to raife great weights. On board'a fhip, 
it ferves to hoift the anchor. Jt is an horizontal roller, 
turned round by handfpikes. | | 


% 


: | - Windmill, 


283 


284. EXPLANATION or TERMS. — 
Windmill, a mill to erind corn, moved by the wind. Fig. 266. 
Wing, a thin broad part that covers fomething, or hangs over 
it. Alfo what helps to give due motion to any thing, as 
the hands in a water wheel; a part of a fail, Gc. 
Worm, a fpiral thread running round a cylinder, forming a 
fort of fcrew. : er. en 
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